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Managing Saline Soils 
In the Red River Valley of the North 

I,. C. Bens!, P. M. Sandoval, E. J. Docring, and W. 0. WilliBi 


INTRODUCTION 


Research on saline soils of the Red River Valley of 
the North was conducted to determine the factors 
relating to (a) salt accumulation in this area and 
(b) reclamation and management of these salt- 
affected soils for agricultural production. 

Saline soils (fig. 1) develop when dissolved salts 
in the soil increase the osmotic value of the soil solu- 
tion and reduce the amount of water available to 
plants. Salts can also disturb plant metabolism and 
alter soil physical and chemical characteristics. In the 
moderately saline areas, barley and hay crops of 
alfalfa, clover, and bromegrass are grown. The highly 
saline areas are most often used for pasture or native 
grass hayland, although some are cultivated. 

Approximately 400,000 acres are salt-affected in the 
Red River Valley in North Dakota. The Agricultural 
Research Service (ARS) began studies in 1955 on 
saline soils at the request of the Soil Conservation 
Service (SCS) and Soil Conservation Districts 
(SGD) . Over 200,000 acres of saline land are located 
in Grand Forks County and about 200,000 acres of 
salt-affected soils are located north of Grand Forks in 
Walsh and Pembina Counties (fig. 2), Principal 
crops in Grand Forks County are small grains— 
wheat, barley, oats, and flax; row crops — potatoes, 
sugarbeets, corn, and sunflowers; and hay crops. 

The Red River Valley in Canada also has consid- 
erable acreages of saline land (21) Salt-affected soils 
in Minnesota — where the areas are small and scat- 
tered-total about 500,000 acres." The development 

^Agricultural engineer, soil scientist, agricultural engineer, 
and soil scientist, Northern Great Plains Research Center, 
Agricultural Research Service, U.S. Department of Agricul- 
ture, Mandan, N. Dak. ri' j 

^Italic numbers in parentheses refer to Literature Cited, 

p. 44. 


of salt-affected soils in the Red River Valley of North 
Dakota is distinctly associated with a high water table 
caused by { 1 ) saline artesian water that leaks upward 
from the aquifer, (2) precipitation, and (3) poor 
drainage. 

Early research goals were (a) to make chemi- 
cal and physical characterizations of soils and waters, 

(b) to evaluate relationships of topography, water 
tables, and other factors to salt accumulation, and 

(c) to determine whether the soils could be improved 
by leaching through soil management techniques. 

The first study on a saline and poorly drained area 
was a leaching experiment ( 45 ). This study was con- 
ducted to determine leaching effects and soil salinity 
relating to crop response but the experiment provided 
insufficient hydrologic information to evaluate the 
overall problem. Thus, additional studies were con- 
ducted to determine (a) soil and water characteristics 
and their relationship to salinity; (b) ground water 
regime, soils, salinity, and related topographic and re- 
lief factors; (c) effectiveness of shallow tile or plastic 
pipe drains; (d) effects of land grading and subsur- 
face drainage on salinity in ridge (saline) -depression 
(nonsaline) microrelief areas; (f) soil water move- 
ment— particularly during the winter months; (g) 
effects of such soil management practices as fallowing, 
cropping, and residue managing; and (h) feasibility 
of pump drainage for water-table control and subse- 
quent salinity control. Objectives and results of some 
of these studies will be discussed in the section dealing 
with management. 

Information on stratigraphy and formations under- 
lying the saline area was needed, but few data were 


•Private communication from H, M. Majors, Minnesota 
State Conservationist, U.S. Soil Conservation Service, 
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available, Until recently North Dakota had no laws 
requiring well drillers to file water- well logs with a 
state agency as is required for oil- and gas-well logs 
(bedrock formations). In Grand Forks County, only 
limited geological information is available from the 
oil drilling industry. The U.S, and State Geological 
Surveys do most of their drilling as exploration for 


good quality ground water supplies, and most of this 
drilling has been done for municipalities. Although 
recent county wide ground water resource studies have 
contributed some information on geology {24) and 
ground water resources (27, 28, 29) , more data is 
needed on formations underlying the saline area. 

Geological information available (2, 30, 31, SO) 







Figure 2,— Saline soils in northeastern North Dakota 
(from Soil Conservation Service and North Dakota 
State University soil survey maps). 


suggested that many shallow (domestic) artesian wells 
end in sand and gravel lenses located in glacial drift. 
Deeper artesian wells ended in the Dakota Sandstone 
or in deeper formations, and upward leakage from 
deeper artesian formations was taking place into sand 
and gravel lenses in the glacial till. Because explora- 
tory drilling is costly, an efTort was made to delineate 
vertically and horizontally some of the sand and 
gravel lenses and geologic formations by less costly 
methods. The objective of these aspects of the study 
was to consider pumping or some other means of re- 
lieving the artesian head { 11 ) ■ 

The purpose of this report is to summarize 17 years 
of research results on characteristics of and manage- 
ment techniques for salt-affected soils in the Red 
River Valley of the North, particularly in North Da- 
kota. Further, these data may be applied to Improve 
agricultural jiroduction in this extensive area. 


INVESTIGATING SALINITY AND DRAINAGE 

CLIMATE 


Climate of the area (table 11 in app.) is the con- 
tinental type— cold snowy winters, warm summer 
days, and cool summer nights — with a variety of 
weather systems in summer and winter. 

The long-term average annual precipitation at 
Grand Forks is 19.8 inches. Of this amount more than 
three-fourths falls during the growing season, April 
through September. The average monthly totals of 
3.48 inches in June, 2.50 inches in May, 2.85 inches 
in July, and 2.80 inches in August make an ideal dis- 
tribution for the growing season. Precipitation events 
of 1 inch or more occur on an average of 3 or 4 days a 
year. Rainfall intensities of 1.05 inches in 1 hour, 1.55 
inches in 6 hours, and 1.90 inches in 24 hours can be 
expected once every 2 years, The annual snowfall 
totals 34.5 inches, with the 4 months — November 


through February— each averaging slightly more than 
6 inches per month. Total average snow depth during 
the winter is usually less tlian 10 inches. 

The mean temperature for the winter months of 
December, January, and February is 7.7® F and the 
average temperature for the 3 summer months — June, 
July and August — is 66.3®. 

Average wind movement for the year is about 9.5 
mi/h. The prevailing direction is northwest except for 
the summer montlis when the prevailing direction is 
southeast. The area receives about 60 percent of the 
possible sunshine ranging from 45 percent in the 
winter to over 70 percent in the summer. 

The average date of the last killing frost in the 
spring is May 15 and the average date of the first 
killing frost in the fall is September 24, hence, the 
frost-free growing season averages 131 days per year. 


GEOLOGY 


Warren Upham (SO), one of the early writers to 
make a comprehensive study of the Red River Valley 
area, mapped the basin of old glacial Lake Agassiz 
and named most of its geomorphological features. 
Carbon- 14 dating techniques indicate that the most 
recent ice sheet covering the area was ablated be- 
tween 11,650 and 10,960 years ago (31). Thus, in 
geologic time, the Red River Valley is young. 

Known geologic formations present in Grand Forks 
County are shown by two east-west cross sections ( fig. 


3) . The stratigraphic sequence of formations from the 
ground surface downward is (a) alluvium (glacial- 
lacustrine sediments) of recent age, (b) glacial drift 
of Pleistocene age, (c) shales and sandstones of Cre- 
taceous age, (d) limestones, shales, and sandstones 
of Ordovician age, and (e) weathered and un weath- 
ered igneous and metamorphic rocks of Prccambrian 
age ( 24 ) . Prccambrian schists and granites occur at 
depths of 300 to 600 feet in eastern Grand Forks 
County, The upper part of this formation of vari- 
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Figure 3.— Geological profiles in central and southern Grand Porks County ( 26 ). 


colored clay is generally called weathered granite (2), 
There are no rocks present representing the time be- 
tween the Precambrian to Cretaceous period, thus, in 
most of the area, Cretaceous rocks overlie the Precam- 
brian rocks. During this long interval of exposure and 
erosion, indicated by the weathered and eroded Pre- 
cambrian rocks, the WilHston Basin, in the western 
part of North Dakota, was slowly sinking and filling 
widi sediments. The Red River Valley is the eastern 
edge of the Basin (J^). 

Before the glacier advanced, sands, silts, clays, and 
limestones were deposited during submergence by 
seas, but these sediments were also eroded during pe- 
riods when the area rose above the seas. As a result of 
the shape of the Williston Basin, subsequent deposited 
formations took on that same shape and, thus, bed- 
rock formations slope upward from the west into the 
Red River Valley ( 13 ). The Ordovician system con- 
sists mostly of limestone and some shales and sand- 
stones, This geologic system is thinner on the eastern 
side because of glacial erosion; the Ordovician system 
apparently has an aquifer, but the water is probably 
of poorer quality than that in the Dakota Sandstone 
( 29 ). 

Cretaceous rocks, over 600 feet thick in western 


Grand Forks County, are often found less than 100 
feet below the ground surface but have been exten- 
sively eroded by glaciers in eastern Grand Forks 
County. The shale formations of Pierre, Niobrara, 
Carlile, and Greenhorn overlie the sandstone and 
shale formations in the Dakota Group (usually called 
Dakota Sandstone) . Artesian flow from the Dakota 
Sandstone aquifer usually comes from the Fall River 
and Dakota formations although it may also occur 
from the Newcastle formation. The Dakota Group of 
Cretaceous age has an average thickness of about 100 
feet in Grand Forks County, but it is several hundred 
feet thick in some areas of the western half of the 
County. This sandstone formation was completely re- 
moved by glaciation near the Red River, and its top 
can be less than 100 feet below ground surface in the 
saline area (29, 30). The basal Dakota usually con- 
sists of fine to coarse white sand, but in some places 
it has inter-bedded silt, sand, and gray clay. This 
group conformably overlies the Ordovician limestones 
and in turn is conformably overlain by the glacial de- 
posits in the central and east and by the Colorado 
Group shales in western North Dakota (29), 

Several ice sheets covered Grand Porks County dur- 
ing Pleistocene time, Each ice sheet probably left 
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deposits of drift with each successive glacier removing 
and redistributing part of the deposits of its prede- 
cessor. Each drift is a mixture of sand, gravel, and 
boulders in a silt-clay matrix that is usually quite 
compact as a result of tremendous pressures exerted 
by the tons of ice overlying the till material. Thickness 
of the glacial drift sheet varies from 50 to 350 feet. 
Occasionally, isolated sand and gravel or silt and clay 
lenses or layers occur between the till layers (30) . 

The final ice sheet covering the area left the topog- 
raphy with a regional slope to the northeast. As the 
sheet retreated to the north, it blocked the drainage 
and formed a large proglacial lake (Lake Agassiz). 
The lake covered a large area of eastern North Da- 
kota and western Minnesota in the United States and 
southern Manitoba in Canada, Numerous stages of 
Lake Agassiz occurred as evidenced by a minor ridge- 
depression microrelief and the several beaches lying 
on the lake-deposited silts and clays near the axial 

METHODS AND 

An area west of Grand Forks, N. Dak, — about 200 
square miles in size including some of the saline and 
nonsaline areas — was selected for expanded ground 
water studies. To study artesian pressures and ground 
water flow, a grid network of 15-foot shallow obser- 
vation wells and 20-foot piezometers;^ plus batteries 
of piezometers, at various locations and depths (usu- 
ally 20-, 40-, and 60-feet) were installed. The dashed 
line in figure 4 indicates the study area. Some addi- 
tional studies were conducted in portions of the large 
saline area to the north of the 200-8C]uarc mile study 
area, 

Observation wells and piezometers were installed 
on a 2-mile grid pattern usually near a section corner 
or an out-of-the-way property boundary. The well 
sites had both 4- and %-inch diameter pipes. Instal- 
lations of the 4-inch wells were made by drilling, thus 
permitting observation and retention of soil samples 
and soil cores (35) . The well casings were coal-tar- 
impregnated fiber pipe — a chemically inert material. 
The 54-inch diameter piezometers and wells were 
usually installed by jetting (7, 34) , During jetting, the 
soils and formations encountered were analyzed by 
‘‘feer^ or ‘‘response^* of the pipe and by examination 
of the materials in the jetting efiluent that came to 
the ground surface. 

small diameter pipe driven or jetted into the soil, open 
at the top and bottom, that measures the hydraulic pressure 
at the bottom end of the pipe in the soil. 


portion of the basin; other evidence includes the 
beaches lying on the wave-planed till and the deltaic 
deposits beyond the Basin axis (SI), 

The lake sediments, which lie adjacent to the Red 
River, are of two main types according to Laird (3i) . 
The sediments lying on the till are a bedded, lami- 
nated clay. Upper lake sediments, those at and just 
below the ground surface, arc brown silty clay and 
silt. The silt does not extend as far as does the lami- 
nated clay and is in an unconformable relationship 
with the underlying clay. 

The Elk Valley Delta in western Grand Forks 
County consists of silts and sands, has an average 
thickness of 50 feet, and lies directly on the till. 

The beach sediments are predominantly gravel with 
some sand. They unconformably overlie the planed 
till, deltas, and silts and clays. Beaches were formed 
during intermittent periods of a declining lake water 
level. All the beaches arc discontinuous and most are 
multiple (50), 

PROCEDURES 

The jetting technique was used in much of the 
shallow formation exploratory work, but it was slow 
and depth of penetration was limited. The penetra- 
tion depth of 54-inch piezometers was limited to about 
100 feet. Speed of jetting was limited by boulders and 
rocks that often stopped the operation and necessi- 
tated pipe removal and relocation to a new site. 

The electrical resistivity method (22) for locating 
geological strata was used and compared to logs ob- 
tained by jetting and sampling (7). This resistance 
method consists essentially of measuring the resis- 
tance to electrical current flow by subsurface forma- 
tions; it is an inexpensive and rapid manner to obtain 
geologic information. 

Specific yields were evaluated from 3- by 3-inch 
soil Scores that were saturated for 64 hours, then 
drained for 30 hours at 70-cm water tension. 

Soil and water chemical analyses were performed 
as outlined in U.S. Department of Agriculture Hand- 
book No. 60 (38). Soil salinity was evaluated from 
saturated soil extracts. Water samples, obtained 
through piezometers, indicated ground water chem- 
istry at the terminal point of the particular piezometer 
whereas water samples from observation wells gave 
an integrated value for the saturated soil depth of 
the well. 


5 



WALSH COUNTY 



TOPOGRAPHY, RELIEF, AND DRAINAGE 


The Red River Valley is an old lake bed of ancient 
glacial Lake Agassiz, named after the famous Swiss 
geologist (50). The Valley slopes northward with mean 
sea level elevations from 905 feet at Fargo and 830 
feet at Grand Forks to 790 feet at Pembina, giving an 
average slope of about 0.75 ft/mi. The Red River of 
the North, a winding stream, has a fall of 0.5 ft/mi 
and flows north into Canada. The general slope of 
the Valley in North Dakota is downward to the north- 
east (5). 

Within North Dakota, the Red River Valley is 
10 miles wide at the southern end and 30 miles wide 
at the Canadian boundaiy. The Red River forms the 
boundary between North Dakota and Minnesota and 
divides the Valley. It also acts as the primary drainage 
channel for the Valley plus a portion of the uplands 
on each side of the Valley and is part of the Hudson 
Bay drainage system. 

The ground surface topography of east central 


Grand Forks County (fig. 5) slopes upward about 2.5 
ft/mi from Grand Forks to 12 miles west of Grand 
Forks. From the point 12 miles west of Grand Forks 



Figure 6.— Topographic map of east central Grand 
Forks County, North Dakota. Contour interval Is 
10 feet. 
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Figure 6. — Natural and artificial surface drains in cast 
central Grand Forks County, 


to the edge of the Valley — about 30 miles west of 
Grand Forks — the slope gradually increases to 10 to 
15 ft/mi. 

About 10 ancient beaches lie between the western 
edge of the Valley and 6 miles west of Grand Forks; 
axes are northwest-southeast. Beaches vary in liciglu 
from several inches to about 20 feet with gentle side- 
slopes and are usually from to 3 miles apart. 

The Elk Valley Delta is located on the western edge 
of the Valley. The deposit materials, high in silt, pre- 
sumably were transported into the glacial Lake Agas- 


siz from the west by streams that were fed by large 
amounts of pluvial runoff (24). 

The saline areas in Grand Forks County are poorly 
drained (fig, 6). Portions of the area are so neai'ly 
level that flow of water is often governed more by 
artificial than by natural barriers. 

Streams of the area flow in a general northeasterly 
direction. All except the Red River have been devel- 
oped since the Lake receded and are intermittent. The 
largest stream, apart from the Red River, is tlie Turtle 
River, which has a gradient of about 6.5 ft/mi. Water 
sources along the intermittent streams arc springs, 
.seeps, and flowing artesian wells, 

A peculiar ridge-depression microrclicf usually exist- 
ing on the Valley floor is present in saline and non- 
sal inc areas. The ridge crests arc from several inches 
to several feet higher than adjacent depressions and 
range from 75 to 200 feet apart. Their axes u.sually 
parallel the ground surface contours, but they often 
are curved and sometimes intersect (fig. 7), 

Colton ( 17 ) believed that the ridges formed when 
the fluctuating lake level fell, and the soft lake mud 
w'as squeezed upward into cracks in thick lake ice. 
Horberg (25) theorized that the llneations reprc.sent 
an unusual type of permafrost-patterned ground or 
tundra sheet, Clayton and others (76) believed that 
the ridges and troughs were caused by wind driven ice 
chunks being dragged in sliallow water on the lake 
floor. 


SOILS 


The work of Jensen and Neil (26) is the earliest 
recorded description of saline soils in Grand Forks 
County and the Red River Valley, Four major soil 
physiographic areas occur in the County (fig. 4), 
Progressing westward are the lake-laid silts and clays 
in the east along the Red River, then glacial till, 


deltaic silts, and glacial till uplands. Tlie two princi- 
pal soil parent materials in the saline area arc the 
lacustrine .sediments and the glacial drift materials 
(43, 46 ), Other less important physiographic soil 
units are the ancient beach sands and gravels and 
low-lying, poorly drained, fine- textured, slough areas. 



Figure 7» — Sawtooth ahelterbelt showing ridge-depression and saline areas, 
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Glyndon and Bearden are principal soil series lo- 
cated on the deep lacustrine sediments; Grimstad, 
Haincrly, Sletten, and other soils arc present in the 
area where glacial drift is near or at the surface.® 
Soil chemical data of several rupre.sentative profiles 
are given in tables 12 and 13, in appendix. Soil profile 
locations are shown in Hgure 8. The saline lacustrine 
soils have a distinctly different chemistry, primarily 
in boron and magnesium contents, than the saline 
glacial till pils. Magnesium is low and boron is high 
in the glacial till areas. However, magnesium to cal- 
cium ratios are high in the lacustrine soils because 
the magnesium is high in these soils. 

Saturation percentages (SP)® are higher in the 
lacustrine and till soils, compared to the beach soils 
—a reflection of finer textures. Electrical conductivi- 


'Soil series names were obtained in 1960 from the So 
Conservation Service, USDA; however, soil series names ai 
subject to change. 

«Sce USDA Agriculture Handbook No. 60 for definitioi 
and formulas. 


ties (EG) of saturation extracts are variable but usu- 
ally high, depending upon the area and microrelief 
position. A comparison of profiles 8 and 16 (table 12 
in app.), which were adjacent to each other, indicates 
the effect of microrelief position, Profile 8, taken on 
the ridge, is saline; whereas profile 16, taken in the 
depression, is nonsaline. 

Because exchangeable-sodium-percentage (ESP) 
exceeded 15 and EG was greater than 4 mmhos/cm 
(milHmhos per centimeter) the glacial till soils (near 
the surface) are classified as saline-sodic. An empirical 
lelationship exists between the ESP of the soil and the 
calculated sodium-adsorption-ratio (SAR) of the soil 
solution. The lacustrine soils are more saline than till 
soils and dominant anions are sulfates and chorides. 
The pH of saturated soils usually ranges from 7.0 to 
8.3, 

The soils north of the Turtle River (north of the 
hydrologic study area~fig. 4), described in table 13, 
in appendix, have a slightly different chemistry than 
the soils south of the Turtle River (in the primary 
study area) as shown in table 12. Most soils north of 
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the Turtle River are relatively low in adsorbed or 
exchange^le sodium and salinity is variablej as 
salinity increases the SAR increases. 

The cation- exchange-capacity (CEC), usually 
higher in the surface liorizons, is associated with the 
high organic matter in the surface soils. 

Mechanical analysis of several soils is given in 
table 14, in appendix. In lacustrine soils, silt was the 
major constituent followed by clay willi sand content 
being low. Silt usually accounts for more than 60 
percent and sometimes approaches 90 percent of the 
soil minerals. Clay ranges from 10 to 40 percent; sand 
is usually less than 5 percent. 

Glacial till soils analyzed were variable in texture. 
Clay and sand contents were higher in the till than 
in the lacustrine soils. 

Soil water retention, bulk densities and hydraulic 
conductivitie.s of representative soils arc given in table 
15, in appendix. Lacustrine and glacial drift soils re- 
tained from 10 to 46 percent water by weight at 0.3 
atmospheres tension, The sandy beach soils had a 
much lower water content at the same tension, and 


smaller water content differences between 0.3 and 15 
atmospheres of tension, indicating that these soils 
arc much more drouthy. Most farmers seed such soils 
to grass for use as either hay or pastui’C. 

The bulk density of lacustrine and beach soils 
ranged from less than 1.0 at the surface to about L4 
below the surface. Glacial drift soils had bulk densities 
up to 1.8. 

Hydraulic conductivities, evaluated by various 
methods, were variable, usually being greater at the 
.surface and decreasing with depth (tabic 15) . Glacial 
till .soils had low hydraulic conductivities whereas 
lacustrine soils generally had higher hydraulic con- 
ductivities and thus appeared much more drainable. 

Specific yields and bulk densities of soils at three 
sites are given in table 16, in appendix. The soils arc 
lacustrine but, in profile 13, glacial washed sand was 
at a depth of 63 inches at NEi4 sec. 9, T. 151 N., 
R. 52 W. (Oakville Township). The .specific yields of 
these soils were low, indicating that a small amount 
of water entering or leaving the soil would have a 
significant elTcct on the water-table level. 


DEEP GROUND WATERS 


Artesian Conditions 

General 

The problem area ha.s both fknving and nonflow- 
ing artesian wells (fig. 9). These wells vary in depth 
from 20 to 350 feet, most of them j^cnetrating into an 
artesian aquifer, but some terminating in the lake 
sediments or glacial drift, Among the latter are shal- 
lower wells. There are two source.s of water for the 
artesian wells — the Fall River and Lakota forma- 
tions in the Dakota Group (Ca'ctaccous age) and the 
sandstones of the Winnipeg Group (Ordovician age) 
(48). The average overall thickness of the Dakota 
Sandstone aquifer in Grand Forks County is about 
100 feet with the greatest thickness in the western 



Figure 9.— A flowing artesian well in Grand Forks 
County. 


half of the county. The saline area is in the eastern 
half. The hydraulic gradient of the Dakota Sandstone 
aquifer is approximately 5 ft/ mi with the liydraulic 
head decreasing to the cast (S9). 

A survey of 00 domestic wells in or near the study 
area evaluated well depths, artesian pressures, water 
composition, and other factors. Some of these data 
arc given in table 17, in appendix. Reliability of the 
pressure measurements was considered good even 
though some well casings were in poor condition. 
Both ground surface contours and piczometric con- 
tours are shown in figure 10. The plotted curves show 
there were no flowing wells, that is, the piezometric 
surface contours were lower than the ground surface 
contours in the areas adjacent to the Red River and 
in the southwest study area above the 900 -feet ground 
surface elevation (5) , 

Several wells in the most saline area were over 200 
feet deep and had a pressure head between 20 to 30 
feet of water column above the ground surface. Most 
of the wells had pressure.^ of less than 10 feet tjf water 
column above ground surface and were also less than 
200 feet in depth. Flows of artesian wells ranged con- 
siderably. The highest flow in the study area was 36 
gal/min but most of the wells had flows of less than 
5 gal/min. Kelly and Paulson (29) found that 
average flows in Grand Forks County were about 2 
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Figure 10. — Ground surface elevations (contours) and 
piezometric surface elevations (contours) as obtained 
from domestic well data. 


gal/min. Low flows are expected for several reasons, 
namely (a) short screen lengths in the well or no 
screen at all in the aquifer, (b) flow intentionally 
restricted because large flows are not necessary to 
provide an adequate livestock water supply, (c) cor- 
rosion, scale buildup or deterioration of well casings, 
(d) use of small diameter well casings, and (e) a 
regional head decline over the years (59), 

Leaky conditions between the artesian aquifer(s) 
and the ground surface could result in a contribution 
of artesian water and salts to the water table and tlie 
soil profile. The amount of this leakage is dependent 
on the artesian head in the aquifer and the hydraulic 
conductivity of the forma tion(s) between tlie aquifer 
and the ground surface. 

Where upward seepage takes place through several 
confining strata, the magnitude of this seepage can be 
evaluated by applying Darcy’s (IS) equation to flow 
through n horizontal strata in series. 


where h is the elevation of the piezometric head exist- 
ing in the artesian aquifer above the water table, k,} 
and bn are the hydraulic conductivities and thick- 
nesses, res]3ectively, of each of the n strata overlying 
the aquifer, and q is the upward flow per unit of hori- 
zontal surface area (36), 

Assuming a homogeous confining strata with a 
thickness equal to the well depth, the rate of upward 
leakage can be computed by using Darcy’s equation 
g — ki, where 

q = flow rate, in/hr 

k = hydraulic conductivity of the material overlying the 
aquifer, in/hr 

i= the hydraulic gradient, ft/ ft. 


For example, at SEVi sec, 5, T. 151 N., R. 51 W,, the 
well depth is 235 feet, the piezometric head is 26 
feet above ground surface and the average water table 
is 8 feet below ground surface. If the hydraulic con- 
ductivity (A) is taken as 0.01 inches per hour or 0,24 
in/d, then: 

9 = 0-24 (J^)= 0.036 in/d 
“0,36 (30) =: 1,08 in/mo 

Similarly at SE!4 sec, 30, T. 152 N., R. 51 W., the 
well depth is 124 feet, the piezometric head is 21 feet 
above ground surface and the average water table is 
9 feet below ground surface, Again, if k is 0,01 in/h 
then: 

« 30 

g = 0,24 (— — } == 0.063 in/d 
115 

“ 0.063 (30) == 1.38 in/nio 

Using the assumed hydraulic conductivity of 0.24 
indicated upward leakage of artesian water 
would be greater than 22 in/yr. In this case, water 
tables would remain high throughout the year and 
the area could conceivably be a swamp. Since it is 
not a swamp, the hydraulic conductivity is less than 
0.24 in/cl. 

Fluctuations of the water table occur during the 
summer months because of precipitation, temperature, 
and evapotranspiration, which in turn is influenced by 
osmotic pressure of the soil solution. During the 
winter months, however, one would expect a high 
water table to remain high. Precipitation effects on 
water table position and evapotranspiration would be 
negligible. Hydraulic studies have shown that ground 
water behavior is as expected during the frost-free 
season, but it does not behave as expected during the 
winter months. Gold temperatures and freezing cause 
a drop in the water table because of ground water 
being translocated upward toward the colder soil. A 
cold soil holds more water than a warm soil, 

An overwinter experiment conducted within the 
saline area (SW}4 sec. 11, T. 152 N., R, 51 W.) indi- 
cated that soil water increases in the upper 9 feet were 
gi eater than the contribution from the upward move- 
ment of water table gi'ound water {10), Up to ap- 
proximately 0.3 in/mo of water in the soil profile was 
not accounted for unless it came from precipitation, 
lateaal ground water flow or upward artesian leak- 
age, The areal ground water table was essentially flat 
when the soil was frozen indicating that artesian 
leakage was apparently the primary contributor. 

If we assume the entire 0.3 in/mo came from ar- 
tesian leakage, then k in the formula q = ki can be 
evaluated. Using an artesian head of 21 feet, a water 
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table 9 feet below ground surface, and a well (aqui- 
fer) depth of 124 feet, then: 

_ J. = = 0.030 in/d 

‘ (-^) 

' 113 ’ 

0.038 

Qr — 0,0016 in/h 

24 

This calculated k is much lower than most of the 
measured values shown in table 15, in appendix. 

More recently, evaluations from pump test data 
have shown k to be approximately 0,01 in/cl and an 
upward flow contribution from the artesian source of 
0.5 in/yr (20), For additional discussion, see Deep 
Well Pump Test section. 

Laird (tSO) and Benz and others (5) found that 
wells penetrating into the artesian formations had suf- 
ficient head to flow at ground elevations below 900 
feet above sea level. No continuous record over a long 
period of years has been kept of any artesian well 
flows or pressures. Such information would be of help 
in determining whether changes in the artesian for- 
mation piezometric head has occurred over the years. 
Kelly and Paulson (29) state that a decrease in piezo- 
metric head has taken place in Grand Forks County. 

A decline of the artesian head in Dakota Sand- 
stone wells was observed in La Moure and Dickey 
Counties in southern North Dakota. Meinzer and 
Hard (33) reported that the piezometric surface con- 
tour decreased from an elevation of 1 ,800 feet in 1886 
to about 1,500 feet elevation in 1923 in the Edgelcy 
quadrangle. The belt in which flowing wells were 
originally obtained but in which the wells ceased to 
flow at the end of 37 years averaged 7.5 miles wide. 
The artesian head dropped rapidly from 1902 to 1915, 
the period of most active well drilling, but not as 
rapidly from 1915 to 1923. 

In 1923, there were approximately 0,5 flowing 
artesian wells per square mile (2 square miles per 
well) in an area about 8 miles wide cast of the belt 
of nonflowing artesian wells, These wells were respon- 
sible for shutting ofT the flow in the 7.5-milc wide 
belt to the west. As a result of legislative action (47), 
artesian water conservation measures reduced the de- 
cline in the piezometric surface. A balance was ap- 
proached between the withdrawal of water from the 
artesian basin and the recharge (53). Saline water 
resources are fairly abundant in the state tnit gen- 
erally are quite deep (39). 

Piezometer installations 

Individual piezometer hydraulic heads and ob- 
servation well water levels at 13 locations in Grand 



Figure 11 , — Water levels in piezometers and observa- 
tion wells at 13 locations on June 16, 1969. 


Forks County arc illustrated for June 15, 1959 (fig. 
11) and March 14, 1967 (fig. 12). At each location 
there were usually piezometers terminating at depths 
of 60, 40, and 20 feet. Four of the locations in figure 
11 are duplicated in figure 12. 

With few exceptions, all piezometer batteries indi- 
cated upward hydraulic gradients. Observation wells 
indicated that water-table depths were usually similar 
to the pressures shown in 20-foot piezometers. Hy- 
draulic heads in the deeper (60 feet or greater) 
piezometers remained relatively constant, but in the 
shallower (30 feet or less) piezometers, hydraulic 
heads fluctuated considerably, apparently influenced 
by surface hydrologic and climatic conditions. 

Hydraulic head losses occurred vertically upward in 
the soil profile as shown by measured water heads in 
the piezometer batteries (tabic 18 in app.). Generally, 
greatest head losses occurred in the deeper (60- to 



Figure 12, — Water levels in piezometers and observa- 
tion wells at 13 locations on March 14, 1967. 
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40-foot) soil increment ns compared to the shallower 
(40- to 20-foot) depth, although a clear pattern was 
not apparent. Averaging the values shows that for a 
depth inclement of 46 to 27 feet from ground sur- 
face a vertical head loss upward of 2.8 feet occurred; 
a gradient of 0.14 ft/ft. Thus, piezornetric gradients 
in the materials overlying the aquifer indicate a po- 
tential movement upward of the water and dissolved 
salts into the overlying materials (5). 

Chemistry of Deep Waters 

The chemical composition of all artesian waters 
was similar but varied somewhat in concentration. 
Table 19, in appendix, lists the chemical composition 
of water from some artesian wells including one non- 
artesian well (listed last). The artesian wells ranged 
in depth from 90 to 248 feet and the nonartesian well 
was 40 feet deep. The next to the last artesian well 
m table 19 is located in Pembina County, a saline 
area in the northern part of the Red River Valley 
(fig. 2). This water had a composition similar to 
the other wells, but tlie constituents were more highly 
concentrated. The nonartesian well listed is on the 
Elk Valley Delta. Water in this well was of good 
quality, which is typical of wells in the delta area west 
of the saline area ( 27 ). It is included here for com- 
parison purposes. 

Salinity of the artesian well waters, expressed as 
electrical conductance, varied from 6.4 to 17.3 


mmhos/cni and averaged 8,8 mmhos/cm. Tliis com- 
pares with the average EC of 8.6 and 7.9 mmhos/ern 
in 19.)7 and 19;)9 for tlie wells listed in table 17, in 
apjjcndix. The range of pH and boron were not great 
in the artesian wells and averaged 8.1 and 3.1 p/m, 
respectively. Sodium made up about 70 percent of the 
cations, followed by calcium and then magnc.sium. 
Chloride content was u.sually higher than sulfates. 
Sodiiim-adsorption-ratios (SAR) ranged from 1 1 to 
29 and averaged 18. 

A less detailed chemistry of ground water from 
several piezometer batteries is given in table 20, in 
appendix. Piezomctei’s were terminated in lacustrine 
and till materials. They were pumped out before ob- 
taining samples. Ground water at 58 feet in the till 
and lacustrine sediments generally had a composition 
similar to that of the artesian waters. This was espe- 
cially true in the areas of high soil salinity. Salinity 
and chemical constituents shown in table 20 increased 
upward in the soil profile. 

For example, at sec. 9, T. 132 N., R. 51 W., the 
salinity at 58 feet was 9.5 mmhos/cm and at 18 feet 
it was 30 mmhos/cm. The ground water composition 
changes with depth at sec. 19, T. 152 N., R, 51 W, 
were just the opposite. Salinity increased from 3.0 
mmhos/cm at 18 feet to 6.5 mmhos/cm at 58 feet, 
with soluble sodium increasing from 19 to 61 at the 
same depths, respectively. Thus, the general tendency 
was for ground water to approach a chemistry similar 
to the artesian water as soil depth increased, 


SHALLOW GROUND WATERS 


Fluctuations of the Water Table 

Average annual water-table levels in the study area 
over 9 years ranged from 4 to 8 feet below ground 
surface (fig. 13), A seasonal pattern, alTccted primar- 
ily by precipitation (5) was a high water table that 
fluctuated during periods of high rainfall and higli 
consumptive use (spring and summer) ; then in late 
summer, fall, and overwinter the water table receded 
and usually reached its lowest level just before the 
spring thaw. Water-table data were not as accurate 
in tlie last 6 years as they were in the first 4 years be- 
cause observation wells were not read as frequently 
(fig. 13). ^ ^ 

The water table was responsive to precipitation 
and soil temperature (JO). Usually a rainfall of one- 
half inch or more caused a rise in the water table. • 
This response was contingent, of course, on antece- 
dent soil-water conditions. 

The water-table curves during winter arc of par- 


ticular interest. Because the water table dropped or 
receded during this season it would appear that up- 
ward artesian leakage or lateral flow, or both, do not 
exist. However, upward leakage from the saline ar- 
tesian aquifer does exist (10, 20 } as was discu,s.sed 
earlier. 

V\atei -table depths in high and Jow soil salinity 
areas are shown in figure 14, Water tables were always 
1 to 6 feet higher in the highly saline areas than they 
vyere in the low salinity areas, but patterns of fluctua- 
tions in each were similar. 

Water-Table Profiles 

Two approximately parallel east-west profiles 
through the saline area of the ground surface, water 
table, and piezometric heads from domestic artesian 
wells and at depths of 20 and 60 feet are illu.strated 
in figures 15 and 16. 

^ One cross section (fig. 16) traversed the low-eleva- 
tion Kelly slough that is underlain by a shallow sand 
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aquifer containing saline water under pressure. Tlic 
sand layer extends to the cast thus the formation could 
contribute saline artesian water into tin* caslward- 



Figure 14. — comparison of study area 7-year averagfe 
water tables in highly saline (> 10 mmhos/cm) and 
moderately saline (<10 mmhos/cm) sites. 


lying area. Jetting and drilling logs, however, indi- 
cated that the sand formation is pinched off and in- 
creased in depth to the east; thus, there is probably 
no effect on the saline ara. 

Piezometric profiles sliowed an upward flow gra- 
dient with greatest pressures occurring in the most 



Figure 16.— Ground surface, water table, and piezo- 
metric pressure profiles in the south cross-section of 
the study area on October 10, 1960, 
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saline area. The profile of domestic wells shows a high 
pressure in the saline area. The cross sections also in- 
dicate that the Red River water level was much below 
that of the water table in the lake-plain area. 

Vertical uptvard flow is also shown in a northeast- 
southwest diagonal cross section across the saline area 
(fig. 17). The three, southwestern, deep piezoineters 
terminated in glacial till and the two in the northeast 
terminated in lacustrine sediments. A deep piezometer 
(40 or 60 feet), a 20-foot piezometer, and a shallow 


observation well were installed at each of the five 
locations shown. The piezometers indicated pressure 
whether in glacial till or lacustrine sediments. 

A northeast-southwest profile of the ground surface 
water tables, jfius 20-foot and domestic well piezo- 
metric surfaces on two dates, are shown in figure 18. 
The July water levels were high, averaging about 3 
feet because of above normal precipitation. In No- 
vember, the average water table was about 7 feet 



Figure 18.— Ground surface, water tables, domestic 
wells pressures, and 20-foot piezometer water levels 
on July 14 and November 11, 1D58, across the slope, 
southwest to northeast in the study area. 






Figukb 19. — Water table and 20-foot piezometer water 
levels contour map of the study area. 


deep. Water levels in the 20-foot piezoniolers were 
comparable to those in the ol^servation wells (allow- 
ing for response time) , but they were slightly higlier 
in the areas of highest salinity. Tlie \ voter table in tlie 
steeper slope area (southwest) was more than 1 foot 
shallower on the average tlian it was in tlie Hatter 
area to the northeast. The ])otential for vertical up- 
ward flow is shown graphically in figures If) tlirougli 
18 by the high heads exhibited in domestic wells. 


These areas are also the most saline. The large differ- 
ence in head between the deep piezometers and tlie 
domestic well heads indicate a higli head loss in the 
intervening formations. 

The glacial till soils in the southwestern area have 
extremely low hydraulic (onductivities — lower than 
those of the lacustrine area to the northeast, llie dif- 
ferences in hydraulic conductivity would indicate 
little lateral movement into tlie laciislrinc area from 
the till area. 

Water-Table and Isopiestic Contours and Isobaths 

Water-table contour maj)s illustrate slope of the 
water table and thus the direction of horizontal 
ground water movement. Theses data were obtained 
from shallow observation wells. Water levels in 20- 
foot piezometers were also plotted to compare ground 
water flow at the 20-foot depth with water-table flow. 

A map of water table and 20-foot piezometric pres- 
sure levels is given in figure 19 for November 12, 
1958. Generally, the isopiestic lines follow the same 
patt<“rii and liave the same slope characteristic s as the 
water-table contours. Water levels in 20- fool piezo- 
meters were usually slightly higher compared to water 
levels in shallow observation-wells. 
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Figure 20.--Water-tablG isobath map of the study area in a high water table period. 
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isobath mop of the study area In a low water table pei’iod, 


Watei-table isobath maps are useful in providing 
grajjliic information on the adequacy of drainage. 
They show water-table depth below ground surface 
on an areal basis and thus areas in which artificial 
drainage may be required. Information for such maps 
is obtained from shallow ground water observation 
wells. Two water-table isobath maps, in figures 20 and 
21, portray areal water-table depths on two days, when 
the water table was high (fig. 20, July 12) and also 
when It was low (fig. 21, November 12). Precipitation 
was 2 inches below normal, but July and November 
precipitation was about 2 inches above normal. The 
areas requiring drainage (highest water tables) gen- 
erally coincided with areas of high soil salinity (see 
fig. 4). 


Flffects of Surface Drains 

^ The usefulness of natural and artificial surface 
drainage n-as evaluated by studying drawdown char- 
acteristics of the water table adjacent to existing 
drams. ^ 

Water tables measured on three dates are illus- 
trated in figures 22 (a constructed drain) and 2.'! (a 
natural drain). Limited beneficial effects of water- 


table drawdown arc shown. Plowever, no beneficial 
effects because of soil salinity reductions were ob- 
served by visual inspection of crop responses. Where 
road ditches do not have a gradient, the standing 
saline water is detrimental to the adjacent land. Thus 
giading road ditches so they will drain would be a 
beneficial practice in the saline areas and in adjacent 
areas as well. 



riGURE 22.— Ground water (water-table) profile, on 
several dates, normal to an artificial surface drain at 
the A line of sections 33 and 34, T. 154 N., R. 62 W., 
in a saline area. 


16 











Figure 23.- — Ground water (water-table) profiles* on 
several dates, normal to a natural drain (Freshwater 
Coulee) at common corner of sections 13, 14, 23, and 
24, T. 161 N., R. 62 W., in a saline area. 

Ridge-Depression Ground Water Movement: 

Shown by Isopleths 

The phenomenon of saline ridges and adjacent 
nonsaline depressions within the saline area are ex- 
plained by the two diagrammatic flow sketches shown 
in figure 24. During the drying cycle, greater evapo- 
transpi ration occurs in the depression i)ecause it is 
nonsaline and there is better plant growth and lower 
soil temperature; as a result, the water table is low- 
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Figure 26. — Water-table isopleths for a 384-foot soil 
profile cross section between two ridges and through 
a depression during July 1, 1969 to August 1, 1960 
at NEViNW'i sec. 8, T. 161 N., R. 51 W. 




Figure 24. — Diagrammatic sketches of the hydrologic 
flow regimes by (a) a drying cycle, and (b) a wet- 
ting cycle which creates the nonsaline depressions 
and saline ridges. 


ered. In the wetting cycle, precipitation sometimes 
runs off the ridge into tlie depression and raises tlio 
water table of the depression. Infiltration is higher 
and thus tliere is more leaching of salts from the soils 
in the depressions compared to the ridges. 'Fhe up- 
ward flow of artesian water with its salt load occurs 
during both cycles and under both the ridges and de- 
pressions because it is a regional phenomenon. This 
is in contrast to a local phenomenon taking place 
through precipitation -caused flow down to 20-foot 
depths in the ridges and depressions. 

In a study of the movement of this water through 
the soil, water-table isopleths ( 37 ) show graphically 
the large seasonal variations of the water table (see 
Topography, Relief, and Drainage) in time and in 
space. The water-table isopleth has a time scale on 
the ordinate and a vertical cross section through a 
series of observation wells on the abscissa. Thus, the 
graph shows a change of water-table elevations with 
time through a soil cross section. 

The water-table isopleth shown in figure 26 repre- 
sents a cross section 384 feet long from the crest of a 
saline ridge, through a nonsaline depression to the 
crest of another saline ridge. The period covers a year 
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and sliows a recession of the water table in tlie dejrres- 
sion from July to April. During this same period— in 
particular, from November to January— the dcpres- 
sional ground water mound caused a rise in the water 
table under the ridges. On April 1, the water table 
was essentially flat— the water table had leveled off in 
the soil cross section— but spring snowmelt then 
brought about a sharp rise in the water tabic and a 
subsequent formation of the ground water mound in 
the depression. The figure show.s, in general, that 
water-table fluctuations in the depressions were rapid 
and pronounced with large variations taking place. 
These fluctuations were always less under the ridges 
Additional data from the shallow ground water 
legitne m this saline ridge-nonsaline depression micro- 
relief area (6, 40) indicates that ground water movi'- 
ment and soil salinity were affected by: (a) .surface 
lehcf causing impounding of precipitation in the de- 
piessi^s and consequent leaching of salts (leachin- 

I • I g''eater than 20 feet); (b)" 

Hgher hydraulic conductivities in the depressions 
V uch permitted water to move faster through the 

throuah movement occurred 

through the ridges and thus the result svas probably 

senes of semi-enclosed systems; and (c) differential 

va er use primarily as a result of losver soil .sahl 
in the depressions. ’‘•unuy 

cn V*' ground water regime indicated the pres- 

tTcal ver- 

tical upw an! leakage of saline artesian waters Pres 

z T' '« 

• ith leaching occurring in the depressions the 
iKlges become salt sinks. Shallow ground water sa 

111 tZiw™ ? Z 

Agronomic Cultural Effects on the Water Table 

fallow. Prccipilation caused water tabic ■ 
acason. J„„e X “ I'D 
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December precipitation was slightly below normal 
eaving an annual deficit for the year of about IV 2 
lowing season precipitation was approxi- 
inately normal and, thus, the water tables were also 
a a to-be-expected normal— or at depths and trends 
a wou d occur m an average year. Despite short 
horizontal distances between different land use plots, 
there was a distinct difference in water tables. This 
m^cates that horizontal drainage or flow was slow. 
The phenomenon of different water tables under 
1 erent soil surface treatments also occurred over 
apparently resulted from freezing effects 

T L rates of soil freezing were greater 

under bare soil than under a straw mulch. 

Diurnal Fluctuations of the Water Table 

Todd (49) discussed the diurnal fluctuation phe- 
nomenon and attributed it to evaporation or transpi- 
ration, or both. ^ 

Diurnal fluctuations of the water table in a rela- 
mi/' ^ *|°asaline depression in the ridge-depression 
rorehef arca is illustrated in figure 27. Evapo- 

shall expected to be high because the 

ow observation well was located in the center of 
a 10-row shelterbelt. No precipitation events occurred 
ling t ie Yi days. The diurnal fluctuations oc- 
curred with the water table more than 8 feet below 
aCoiin surface. Soil temperatures were not taken; 

perature-caused diurnal fluctuations of the water 
mWe at the 8-foot depth were not likely, 
ihe water table in the two adjacent saline ridges- 

efo' ^00 and 800 feet-was at an 
tion of 839.6 feet on July 27 and at 839..5 feet, 
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Figure 27. — Diurnal fluctuations of the water table in 
a 12-foot obseiwation well located in a field tree 
shelterbelt at NEViNWVi sec. 8, T. 161 N., R. 61 W., 
during 4 days in July 1959. 

July 31, Ground surface elevation of the two ridges 
was about 0,6 foot higher than the depression. No 
diurnal fluctuations occurred on the ridges, which 
were almost devoid of tree growth because of high 
soil salinity. 

Maximum water-table levels in the depression, dur- 
ing 1 day, occurred at about 8 a.m. and minimum 
levels took place at about 8 p.ni. These maximum 
and minimum water-table levels represent temporary 
equilibrium points between discharge because of evapo- 
transpi ration and recharge from surrounding ground 
water. Average maximum and minimum air tempera- 
tures for 5 days were 89* and 63* F, 

The total quantity of water withdrawn by evapo- 
transpiration in a given day can be computed {54) 
when crop or tree cover is uniform and when osmotic 
pressure of the soil solution is not limiting. Assuming 
that evapotranspiration is negligible from midnight to 
4 a.m. and that the water table during this period is 
the mean for the day, then the hourly recharge from 
midnight to 4 a.m. can be taken as the average rate 
for the day. Thus, 

(24H± j), 

where Qer === depth of water withdrawn from ground by 
evapotranspiration during 24 hours, 

Sy = specific yield of soil at water-table depth, 
H = hourly rate of change of water table be- 
tween midnight and 0400 hours, and 
s ssa net rise or fall of the water table during 
24 hours. 

Qety H and s are in inches, feet or any consistent sys- 
tem of measuring units, The total ground water dis- 
charge on July 28, 1959, can be calculated using a 
specific yield of 2 percent (from table 16), 

24H zrs. 0,40 feet and 

= 4*0, 10 feet, therefore, 

Qm == .02 [0,40 4- 0.10] = 0.01 ft/d or 
0.12 ii)/d. 


If we assume a specific yield of 20 percent, then the 
total ground water discharge becomes 0.10 feet per 
day (ft/d) or 1.2 in/d. The above relationship gives 
an approximate value because the rate of ground 
water recharge to the deprc.ssion depends ii])on the 
water table surrounding the well area. 

Lateral Ground Water Movement 

The probability of shallow ground water flow from 
regions of high elevation to low elevation always exists 
in valleys and areas where geologic and surface con- 
ditions encourage it. Such flow may occur as overland 
.surface flow, as below surface lateral flow, or as dccj^ 
seepage. 

Two or more possible sources of shallow ground 
water could recharge into the saline high-water- table 
area. These are the shallow nonsaline ground waters 
(1, 27) in the relatively permeable Elk Valley Delta 
deposits to the west and the glacial till materials that 
are also to the west but extend into the saline area. 
Both materials arc at higher elevations than the lake 
deposits, but probably neither make a significant con- 
tribution of ground water flow into the saline area 
compared to flow from the underlying artesian forma- 
tions. Drainage or flow from Elk Valley Delta would 
flow through the till and along seepage faces or per- 
meable lenses (layers) in the till. If this were taking 
place, then the shallow ground water in the lake-plain 
saline area should be of low salinity and have a chem- 
istry somewhat similar to that of the shallow ground 
water in the Delta that is of good quality; however, 
this is not so. 

Surface drainage in the Delta is good and ground 
surface slopes are 15 to 20 ft/mi. Thus, excess surface 
waters usually find their way into streams and drain- 
ageways traversing through the Delta, till, and lake- 
plain areas, 

Contributions of ground water flow from the till 
and beach area lying above the saline till and lacus- 
trine area arc also possible, The ground surface slope 
is higher in the till area than it is on the lacustrine 
plain. Thus, if hydraulic conductivities were the same 
in the till and the lacustrine materials, there would be 
a potential for ground water flow into the lower-lying 
flatter area. This is probably not happening, however, 
because the higher ground slopes and consequent 
higher hydraulic gradients in the till as compared to 
the lake plain arc offset by the higher hydraulic con- 
ductivities in the lacustrine soils. 

For example, the hydraulic gradients arc 10 feci 
and 3 ft/mi in the till and lacustrine areas, respec- 
tively, whereas the hydraulic conductivities are about 
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0.003 and 0.010 ft/h, respectively, in the till and lake 
plain. Using these values of hydraulic gradients and 
conductivities, the lateral flow through the till and 
lacustrine areas would be equal, and the amount of 
flow through a square foot of soil would be .5.7 x 10 “ 
cubic feet per hour. 

However, lateral seepage into the saline area is 
possible through permeable strata or layers, contact 
zones, and cleavage planes, in the till as well as in the 
lacustrine area. For example, in all soil profiles ex- 
amined which had till at less than 12 feet from the 
suiface, there was a washed, coarse-textured contact 
zone 2 to 24 inches thick between the till and lacus- 
trine .sediments (see table 12). 

Seepage also occurs from old abandoned artesian 
wells with corroded casings and from past and present 
flowing wells that discharge saline water on the land. 
Most artesian wells have not received proper care. 
Flowing wells were not shut off when not being used, 
corroded casings were not repaired or replaced, and 
large flows were not reduced to provide only an ade- 
quate supply. As a result of these conditions, much 
saline artesian water has flowed into the land con- 
tributing to localized saline conditions. 


Chemistry of Shallow Ground Waters 

General chemical composition 

The chemistry of shallow ground waters is variable 
with a wide range in composition and concentration 
(tables 21 and 22 in app.). Observation wells listed 
m table 21 were cased with 4-inch coal-tar-impreg- 
nated fiber pipe; those listed in table 22 were open 
uncased holes. Chemistry of the waters in both types 
of wells was similar but the data are more detailed in 
table 21. These observation well locations are shown 
in figure 8. The bottom group in table 22 were sam- 
p ed from an area north of the Turtle River (see fig. 
b), msc well locations cross saline land on which 
detailed studies were not conducted. 

Chemical properties of the shallow waters were 
similar to those of the soils, namely, ground water in 
the lacustrine sediments had a chemistry similar to 
that of the lacustrine soil in which it was located (see 
Soils section-tables 12 and 13 in app.). General 
water salinity, expressed as electrical conductivity 
varied considerably with a high of 58.3 and a low of 
1.2 mmhos/cm. Ground water in a lacustrine depres- 
Sion had the lowest salinity, but an adjacent lacus- 
trine ridge had ground water with a salinity of 45 4 
mmhos/cm, Waters in the glacial till had a saliniiy 
usually comparable to, or a little higher than, that of 
artesian waters. 


Boron was usually higher in the glacial till waters 
and water pH (not shown) ranged between 7 7 to 
8.0. Magnesium was frequently the dominant cation 
in the lacustrine areas, and sodium was always pre- 
dominant in the glacial drift waters. Sulfates and 
chlorides were present in large quantities, but a defi- 
nite pattern was not exhibited although chlorides 
were usually higher than sulfates in the glacial till. 
The potassium content was less than 1 meq/1 (milli- 
eqiiivalent per liter). SAR ranged from 0.7 to 22 with 
the higher values related to higher salt concentration 
but usually SAR was less than 13. 

Seasonal Influences 

Water samples, obtained in March vvhen the water 
table is usually low and in July when it is usually 
high, were used to evaluate salt concentration effects 
on soil water. Rises in the water table always occur 
m spring and after high amounts of precipitation 
Numerous observation wells and piezometers were 
sampled during the period studied. Data from these 
installations, consisting of water-table depths, electri- 
cal conductivity, and Na content are given in table 
23, in appendix. 

The 1958 data show that average ground-water 
salinity decreased from 15.7 in May to 13.5 mmhos/ 
cm in October, Tlie water table was 4,6 feet in May 
and 7.4 feet in October. In 1962, general salinity and 
a content in the shallow observation well waters 
remained approximately the same from March to 
July, even though the average water table rose more 
than 4 feet. There was little to no change in piezo- 
meter water salinity between the two sampling pe- 
nods. i o 1 

As stated previously, shallow ground water was 
usually similar in salt concentration to the ambient 
soil. Precipitation which infiltrates the soil causes a 
use m the water table and influences shallow ground 
watei quality and soil salinity. Soi) management can 
also affect soil salinity as explained later. 

Salinity difference 

between ridges and depressions 

Salinity differences between ridge and depression 
ground water were pronounced, but little change oc- 
curred in seasonal salinity of ground water (table 24 
in app.) . These data are from a study wherein ridge- 
depression soil salinity and hydrologic interrelation- 
ships were evaluated in an area of about 10 acres (6, 

). Observation well waters had an average salinity 
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of 17.3 mmhos/crn in the ridge.s as compared with 
about 3,0 mmho.s/cm in the depressions. The 20-foot 
piezometer waters had a salinity in the ridges of 1 1 .6 
mmhos/cm as compared with 3.9 mmhos/cm in the 
depression. 

This means that the ground water changed from 
nonsaline in the depression to highly saline in the 
ridge, The average distance between dejjression and 
ridge centerlines is about 330 feet at this site. 

Vertical (upward) ground water gradients were 
not evident in the surface 20 feet but an upward 
gradient was indicated between the 20- to 60-fooi 
depths. 


Salinity associated with bare soil, straw mulch, 
grass, and various water-table depths 

In a 2 -year study comparing bare soil and straw 
mulch at one site (tabic 25 in app.) and under grass 
at another site (table 26 in app.), data on water sa- 
linity from observation wells to depths of 7, 9, and 1 1 
or 12 feet show ground-water salinity at both sites was 
high. Although little to no difference of water salinity 
occurs in wells of different depths at a particular time, 
til ere was often a large difference in water salinity on 
different dates, for example, March 1 versus July 29, 
1963, Either a rise or drop in the water table accom- 
panied this change in salinity, 


STREAM WATERS 


Chemistry and Strenmflows 

Tlie chemical composition of some surface stream 
waters traversing through and adjacent to the saline 
areas is given in table 27, in appendix, (sec fig. 6 for 
sampling locations) . Most of the locations were sam- 
pled three times during 1 year. 

All of the streams arc intermittent except the Red 
River. The Turtle River is the largest stream in the 
saline study area that empties into the Red River, 
The Turtle River was sampled at location No. 1 
where it enters the saline area. The data in table 27 
show that the water at this point is classified C3-S1 
Glass (55) and thus, would be acceptable as an irri- 
gation water. After the Turtle River has picked up 
water from drains coming out of the saline area, elec- 
trical conductivity increased from 0.8 (location No. 
1) to 0 and 12 mmhos/cm (location No. 6) in No- 
vember 1958 and October 1959, respectively. In June 
1958, the water was less saline because of spring run- 
off. Streams emptying into the Turtle River (loca- 


tions 2, 5, and 9) were saline. The salinity increase 
resulted in a deterioration of water quality in the 
Turtle River. 

Waters of the Red River had an electrical conduc- 
tivity of about 0.7 mmhos/cm. No increase of salt 
occurred in the Red River in traversing (sampling 
locations 7, 8 and 12) by or through the saline area. 

St ream flows of the Turtle and Red Rivers have 
been reported by Wells (5J, 52). At Manvel, sec. 13, 
T. 153 N., R.51 W., (location 10), the 22-ycar average 
flow of the Turtle River was 49.6 ftVs (cubic feet per 
second) with gage readings of 3, 17, and 23 ftVs on 
November 13, 1958, June 4, 1959, and October 27, 
1959, respectively. At Grand Forks, .sec, 4, T. 151 N., 
R. 50 W., (location 8), an 85-year average flow of the 
Red River was 2,397 ftVs with gage readings of 
410, 2,080, and 3,300 ftVs on the same dates as those 
given for the Turtle River, The flow of the Red River 
at Oslo, Minn,, (location 11), which is 9 miles north 
of Manvel and downstream from the Red-Turtle 
Rivers junction, was 2,250 ftVs, June 4, 1959. 


MISCELLANEOUS ASPECTS 


Consumptive Use 

Consumptive use for three crops — alfalfa, bromc- 
grass, and barley — was computed (12, 19) and is 
shown in figure 28. The curves show accumulative 
consumptive use, accumulative rainfall, monthly con- 
sumptive use, and monthly rainfall during the groyn- 
ing season, Vertical distance between the accumuk 
tive consumptive curve and the accumulative rainfa 
curve at any time during the growing season indicat 
the shortage of accumulated precipitation up to thi 
time for maximum potential evapo transpiration U 


the given crop. 

The data indicate consumptive use exceeds precipi- 
tation, thus, existing high water tables are not 
an overabTindanre of rainfall. Howevf^r. liie*’'' ' 
for noj 
water 




Soil- Water Content 
Related to Soil Salinity and Land Use 

To lUustrate the phenomenon of soil-water i 
availability to plants, a comparison of actual sc 
water contents, average salinity in the root zone (0 
0 inches), and approximate decrease in water ava 
ability because of soil salinity in a saline ridge ai 
adjacent relatively nonsaline depression arc given 
table 28, m appendix, for sec. 8, T.' 151 I 

R. 51 W. (Brenna Township), on August 14, 195 
The area was cropped to barley but growth was po 
on the sahne ridges because of soil salinity, Soil-ivat 
content was higher in the ridges partly because of Ic 
evapotranspiration. The calculated data show th 
soil solution salts were high enough that from 32 i 
percent of normally available soil water in tl 
ridges was not available for plant use; but, there wi 

depr^Z'^ nonsalir 

Soil-water stre.ss during the growing season unde 


two land-use treatments indicated that average soil- 
watci tension in the surface 12 inches under fallow 
was 0.25 bars and about one bar under grass (table 
29 app.), Soil- water content under fallow remained 
at approximate field capacity whereas evapotranspira- 
tion was high from the surface foot of soil that was 
under grass, In this experiment, the summer fallow 
treatment was effective in reducing soil salinity { 41 , 


Surface Soil Salinity and 
Water-Table Depth. Correlation 

To evaluate the possibility of a relationship be- 
tween surface (0 to 6 inches) soil salinity and water- 
table depths, soil samples were taken monthly (except 
wintei months) at the same time observation wells 
weie lead over 3 years. Twenty-four locations were 
sampled but data are presented on 14, seven grass sites 
in table 30, in appendix, and seven cultivated sites in 
ta le 31, in appendix, Both grass and cultivated sites 
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had various degrees of salinity and water-table depth. 
Four to live samples, composited into one sample, 
were taken at a radial distance of about 20 feet from 
the wells. The table shows monthly values of surface 
(0 to 6 inches) soil salinity, water-table depths, and 
total precipitation between reading periods. 

A significant correlation occurs between surface soil 
salinity and water-table depth in the native grass lo- 
cations, There was no significant correlation of sur- 
face soil salinity with water-table depth on the culti- 
vated site.s. Other experimental work (8, 45) has 
shown that surface soil salinity was more readily in- 
fluenced than subsoil salinity by climatic, cropping or 
cultural conditions. 

The prediction equation for evaluating surface soil 
salinity from water-table depths in the native grass 
areas is T = — 2.48A' — 22.15, where X is depth 
(feet) to water table and Y is surface soil salinity 
(mmhos/cm)* The correlation coefficient was r “ 
0.526. 

Ridge-Depression Hydraulic Heads 

During the growing season, hydraulic gradients in 
a saline ridge and adjacent nonsaline depression (fig. 
29) indicate that upward flow occurred in tlic ridge, 
but flow was downward in the depression. The data 
(fig. 29) is an average for 1967 and 1968. Growing 
season precipitation (May 1 to November 1) was 
about 9 inches below normal (14.8 inches) in 1967 



Figure 29. — Two-year average hydraulic heads and 
vertical gradients in a saline ridge and adjacent non- 
saline depression. The gradients were upward on the 
ridges and downward in the depressions. 


RESISTIVITY, OHM -FEET 



Figure 30. — Stratigraphic formation log obtained in a 
saline area by the electrical resistivity and jetting 
methods, 

but about 4 inches above normal. in 1968. Irrespective 
of this difference in precipitation, gradients and aver- 
age water tables varied little between the two seasons. 

Over a long period, the general trend is that ac- 
cumulated surface waters (precipitation and snow 
melt) in the depressions causes downward flow to 
depths of 20 feet. No surface water accumulates on 
the ridges; therefore, the vertical hydraulic gradients 
remain upward. As a result of this difl'erential hydro- 
logic flow, the depressions are nonsaline but the ridges 
become salt sinks (see Ridge-Depression Ground 
Water Movement, and references 6 and 40 ) . 
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is possibly clue to a compact layer. The slope chan 
at 23 feet cannot be explained, but at 37 feet ti 
material changed from glacial till to .sand. 

Theoretical Wafer Tables 

A piCKometer measures the hydraulic pressure at tl 
desired depth in the soil. The water level in a sin? 
IMezometer coincides with the sratcr table only if ve 
tical movement in the soil is absent. A piezometc 
a eiy (several piezometers terminating at differer 
depths at a location) can be used to estimate th 
wa er-table depth at a point in time. Some tlieoreticc 
vsatcr tables and the actual water tables (measure, 
n 5-foot observation wells) on a particular date a 
six locations are given in figure 31. All of the piezo 
meter batteries except f were located inside the studt 
(%. 4). The g,,ph, 

showing theoretical water-table depths and compart 
them with actual water tables. Because the water tLlc 

affected by precipitation, temperature, solute and 
other gradients, time, variability in soil h;draulic con- 
ductivity and other factoi-s-hydraulic gradients are 
not always smooth or uniform as shown in figure 31b 

a, b, and c (fig. 31) theoretical water tables (those 


based on piezometer battery water levels) arc higher 
than actual water tables (those measured in the ob*. 
seivation well) on the dales given. 

In a, b, and c of figure 31, a zero hydraulic gradi- 
ent or no vertical flow is indicated when the water 
eves ate the same in all piezometers in a battery. 

ms, the top line, connecting piezometer water levels, 
would be horizontal. 

In d, e, and f of figure 31, a zero hydraulic gradient 
IS indicated when the .slope of the hydraulic head line 
IS 4 j degrees. A slope more than or less than 45 de- 
giecs shows there is an upward or downward gradient, 
icspectivc y, In the figures, straight lines arc drawn 
nrough all soil measuring points that would indicate 
a uniform gradient, isotropic soils, and no hydraulic 
m uences, that is, a steady state case. This, however, is 
laiey true and often upward and downward gradi- 
ents occur in a soil profile. Assuming the steady state 
case on each of the several dates shown (15-foot ob- 
rvation well water tables are given in parentheses 
0 owing the date), the theoretical water table would 
be at the soil depth where the hydraulic head line cuts 
^ loug the oidiiiate. To illustrate the method in 
theoretical water table on August 7, 
tJ58, was 4 feet (actual was 4.5 feet). 
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SUMMARY 


• The salinity problem exists in a dryland-farmed 
area of the Red River Valley of the North that is 
identified with high water tables, poor internal and 
surface drainage, and underlying saliiui artesian 
waters. 

0 Hydrologic and soils information were obtained 
primarily within a 200-square mile study area, from 
individual experiments, and from locations outside 
the study area. 

» Ground surface slopes range from 3 ft/mi near the 
Red River to between 10 and 15 ft/ini at the western 
edge of the Valley. 

« Soils formed on lacustrine deposits near the Red 
River and on glacial till west of the lacustrine de- 
posits, The lacustrine soils arc usually lugh in silt 
content. Glacial till is variable in texture but usually 
contains more sand and clay than lacustrine soils. 

• Geologic formations from the ground surface down- 
ward consist of (a) recent age alluvium, (b) glacial 
drift, (c) Gretacous shales and sandstones, (d) Or- 
dovician limestones and (e) Precainbrian granite. 

• The problem area has many flowing and nonflow- 
ing saline artesian wells that provide water for most 
uses except irrigation and human consumption. The 
salt sources of the artesian waters are the Cretaceous 
sandstones and the Ordovician limestones. 

A domestic wells survey indicated a relationship 
between high artesian pressures and soil salinity. Cal- 
culated leakage upward from two individual domestic 
wells indicated that saline water leakage to the soil 
surface horizons could approach up to 23 in/yr. An 
over-winter soil-water study indicated this upward 
leakage to be about 3 in/yr whereas a more recent 
pump tost study shows this leakage i.s about 0,5 indies 
annually. 

• Artesian well water salinity averaged 8.8 mmhos/ 
cm (about 5,600 p/m) and consisted primarily of 
sodium, calcium, and magnesium chlorides and sul- 
fates. The pH and boron averaged 8.1 and 3.1 p/m, 
Sodium was the principal cation followed by calcium 
and magnesium. Chloride was the principal anion 
followed by sulfate. SAR averaged 18. 

Shallow ground water in observation wells ranged 
in salinity from 0 to 60 mmhos/cm and was similar 
in chemistry to the ambient soil, Ground water in the 
till area had a chemistry similar to that of the artesian 
well waters, but the lacustrine soil waters were high 
in magnesium and low in boron, which is probably 
due to a chemical change occurring in movement of 
the water through the lacustrine materials. 


Ground water in shallow observation wells and 20- 
foot piezometers in the ridge-depression microrelief 
area within the saline area, varied from nonsalinc in 
the depressions to highly saline in the ridges. I'his 
variation was probably due to increased leaching in 
the depression as a result of impounded precipitation. 

• Water tables in the study area fluctuated between 
1 to 15 feet below ground surface. Seasonal trends in- 
dicated a high and fluctuating water table during 
late spring and summer, then showed a receding 
water table in late summer, fall, and overwinter. 

liie receding water table overwinter makes artesian 
leakage upward to the water table appear nonexistent. 
An overwinter study of the water table, however, 
showed that ground water was translocated to near- 
surface soils because of temperature gradients. The 
amount of translocated water was greater than that 
accounted for by the water table drop alone; thus, 
the additional water probably came from the upward 
leaking artesian waters, 

® Surface drains were effective for removing surface 
water hut incfTectivc with regard to water-table con- 
trol. Crop growth was poor adjacent to drains. 

® In the saline ridge-nonsaline depression microreli<‘f 
areas, water-table fluctuations were greater and more 
rapid in the depressions than the ridges. Hydraulic 
conductivities were much higher in the dcprc.ssions 
than in the ridges. 

• The type of crop or cultural practice affects water- 
table depths, fluctuations, and depth and rate of soil 
freezing. The water table was higher under a bare or 
mulched soil than it was under a cropped soil. 

Diurnal fluctuations of the water table occurred in 
a tree .shclterbeit growing in a depression. Water use 
by the trees, when using a specific yield of 2 percent, 
was calculated at approximately 0,12 in/d during a 
short period, 

• Calculated crop water luse exceeds precipitation in 
the area; thus, high-water tables are not due to pre- 
cipitation. 

• Piezometer batteries terminating in materials over- 
lying the saline artesian aquifer showed upward gra- 
dients; thus, there exists an upward movement of the 
artesian water and its dissolved salt load. 

• A significant negative correlation existed between 
surface-soil salinity and water-table depth in native 
grass areas, but not in diversified cropped areas. High- 
water table areas had high surface soil salinity, 
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MANAGING 

The infonnation obtained from numerous studies 
and experiments conducted from 1935 to 1970, show 
the possibility of reducing soil salinity and making 
the salt-ad ec ted soils agriculturally productive. 

Three major approaches were used in the studies: 
(a) understanding the problem; (b) living-with-the- 
problem types of solution; and (c) long-term types of 
solutions such as removing or reducing existing and 
incoming salts from the soil, or reversing or decreasing 
upward artesian flow gradients and lowering the water 
table. 

Studies in understanding the problem were concur- 
rent with studies to learn how to live with the prob- 
lem and how to reclaim saline areas for agricultural 
production. Tile drainage work was directed toward 
permanent reclamation. These experiments were rela- 
tively ineffective because of upward leakage of saline 
artesian waters, low hydraulic diffusivities, and the 
lack of depth of the tile drains. Precipitation was the 
only leaching water available, 

LIVING WITH 

Crop Response to Leaching and 
Impounded Precipitation 

Objectives of this experiment were to evaluate soil 
salinity changes, which result from initial leaching 
plus natural precipitation under cropped conditions, 
and to evaluate a wheat crop response. 

The experimental treatments consisted of: 

A. Precipitation only: border dikes on three sides 
of plots permitting runoff 

B. Precipitation impounded 

G, Nine inches of nonsaline leaching water plus 
impounded precipitation 

D. Eighteen inches of nonsaline leaching water 
plus impounded precipitation 

Located on a moderately saline ridge, the field plots 
did not have water-table control and received one 
application of leaching water. The 4-year study in- 
dicated that soluble soil salts could be moved in the 
soil profile {4S ) , 

Leaching the soil with either applied water or im- 
pounded precipitation, or both, was effective in de- 
salinizing the top 28-inch soil profile (fig. 32) and in 
increasing crop yields (table 1). Leaching moved the 
soluble soil salts to depths of 3 feet or more. Without 
internal drainage, the salts were not permanently 
removed from the soil profile and thus, were free to 
move in response to factors affecting soil solution 
movement. 


SALINE SOILS 

With more geological information becoming avail- 
able, some additional research wa.s dii'ected toward 
types of permanent reclamation, This work consisted 
of pumping tests for drainage from the underlying 
saline artesian aquifer to reduce the piczomctric head 
(a confined aquifer pump test) and from the over- 
burden material (unconfined aquifer pump test). 

The studies indicated that contribution.^ of saline 
ground water into the area from artesian sources 
could range from 0.5 to 1.0 in/yr {10, 20), The salt 
load deposited in the soil from this upward leakage — 
assuming the electrical conductivity of the water to be 
7 mmhos/cm — would then range from 0.25 to 0.5 
tons of salt per acre annually. 

Results obtained apply to solution of the drainage 
and salinity problem and will be discussed in this sec- 
tion. The cited references contain details of particular 
experiments or studies. 

THE PROBLEM 

Measured precipitation during the study was near 
or above normal during the first 2 years and about 2 
inches below normal during the last 2 years. Signifi- 
cantly, the average annual water tables were highest 
the first 2 years. Growing season water tables did not 
show the same trend but were influenced more by ab- 
normal monthly precipitation. Water tables fluctuated 



Figure) 32, — Effects of leaching treatments on soil 
salinity in the top 28 inches of soil. 
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Table Ir “Wheat yields and test weights, precipitation, and average water tables 


Treatment 

1956 

1957 

1958 

1959 

Averages 

Yield 

Test 

wt 

Yield 

Test 

wt 

Yield 

Test 

wt 

Yield 

Test 

wt 

Yield 

Test 

wt 


liu/A 

Lh/bu 

nu/A 

Lh/bu 

Bu/A 

Lb/hu 

Lh/bu 

Bu/A 

Eu/A 

Lh/bv. 


- - - - 

- - - - - 


“ Crop yields and test weights - - 

- - - - 




A 

9.4 

50 

8.9 

46 

6.0 

56 

2.5 

48 

6.7 

50 

13 

9.8 

50 

10.8 

45 • 

27,5 

60 

13.3 

52 

15.3 

52 

C 

12.0 

51 

11.3 

48 

28.3 

61 

13.0 

52 

16.1 

53 

D 

26,2 

54 

18.4 

50 

30,8 

60 

13.3 

53 

22.2 

54 

LSD^ - 0,5 

7.2 


5. 3 


3.3 


1.8 


3.6 


“ 0.01 

10.4 


7.6 


4.7 


2.6 


5,2 



- 

„ 




• Precipitation! Inches - 














Long term 

Annual 

19 

.4 

22.0 

17 

.8 

17 

,4 

20. 

,0 

Growing neaaon^ 12 

.1 

12. 

.0 

10 

.6 

10 

,7 

12.0 


-Water table depth, Feet* 

Annual 6.7 6.5 7.4 

Growing soasonB/ 5.7 8^_1 6*0 

y Least significant difference. ^ through August, 


from 2 to 12 feet during the period, The whcat-yicid- 
to-soil-salinity correlation coefficient (0,79) was highly 
significant. The curvilinear regression equation of 
wheat yields (1^ in bushels per acre) on salinity (EG 
in mmhos/cm) in the 6- to 16-inch soil depth at 
planting time was F — 68 — 8(EC) 0,25(EC) 
(^ 5 ), 

The soluble sodium content in the top 28 inches of 
soil was reduced at the end of 4 years in all treatments 
receiving impounded precipitation plus leaching 
water, Soil pH did not change during the 4 years. 
Internal drainage plus precipitation could be effective 
in reclaiming the saline soils by moving the soluble 
salts downward out of the root zone. Because adsorbed 
sodium was also reduccch leaching had no ill effects on 
soil structure. 

Soil Salinity Response 
to Bare Fallow, Barley, and Grass 

The practice of cultivated fallow for water conser- 
vation, often used in subhumid and semiarid climates, 
was effective in reducing soil salinity, A 4-ycar study 
compared soil salinity under the continuous three 
land-use treatments of bare cultivated fallow, barley, 
and perennial grass { 44 ) , The experimental site was 
a saline Glyndon silt to silty clay loam with a shallow 
and fluctuating (2 to 10 feet), uncontrolled water 
table, Plots were diked and received only precipita- 
tion, During this 4-year study, precipitation was below 
normal, Piezometer batteries indicated vertical up- 
ward flow gradients. 

The average soil salinity values from four replicates 
per treatment, by 6-inch increments, are given in 
table 2, Soil salinity varied considerably near the sur- 


face with grass and barley treatments but was much 
less variable with fallow. 

Average 24-inch soil salinity for the period and 
monthly totals of precipitation plotted in figure 33 
show soil salinity highest in the grass and lowest in the 
cultivated fallow. Precipitation influenced salinity and 
water-table depths. During the growing season, water 
tables were usually higher — sometimes as much as , a 
foot — under the fallow than under the grass (see 
Agronomic Cultural Effects on the Water Table). 
Soil-water-suctions during the growing season were 
high under the grass but indicated that evaporation 
losses were low for the cultivated fallow. 

Results of the analysis of variance relating treat- 
ment effects to soil salinity are given in table 3. At 
all sampling periods (except two summer sampling 
dates) including the 3-year average, soil salinity in the 
0- to 24-inch depth was significantly affected by treat- 
ment. 

Measured soil chemical changes indicated a re- 
moval of chlorides but not sulfates. The pPI decreased 
slightly under cultivated fallow in the 12- to 36-inch 
increment, Cation removal in decreasing order of 
magnitude was sodium^ magnesium, calcium on a per- 
centage basis, Adsorbed sodium was reduced under 
cultivated fallow but increased under grass, Culti- 
vated fallow was effective in reducing salinity. At the 
end of one growing season, salinity decreased about 
40 percent in the top 24 inches. In the final year of 
the four-season experiment, wheat was grown as the 
test crop because it is less tolerant of salinity than 
barley and thus a better indicator of salinity. Wheat 
yields were 16 bushels per acre following 3 years of 
cultivated fallow as compared to 4 bushels per acre 
following 3 years of barley. 
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rcv>j 50x1 salinity expressed as electrical conductivity, in 6-inch depth Increments under three 
Ur.i CHS trs agents during a 4 -year period. Standard deviations are in parenthosia 


Con tin uouq 


_Ele Ctrl cal conductivity of soil extracts 

iWi- T n I Ml . ^ _ 



1363, the fcarley end fellow plots were seeded to wheat. 


oi raiiow, 

Straw MuJches and Crop Residue 

Straw muicii overwinter effects 

f hjs study was an overwinter evalution of the water 
table yiiJ water and piezometric pressures under two 
and urface treatrnents-bare fallow and straw mulch 
-/ ons per acre straw about 3 inches deep) The 
v>ater tab e and related portions of the study tvere dt 

Jim also b> Benz and associates, (S) 

' “"fi; « 

! “to*. 7“' "'""'"“<1. 



.... ...C, «m,„„ous „„dcr the jtrnw as compared 
u he bare m treatmem where changes wore erratic 
deceasing the first season and increasing slightly in 
the upper 18 inches the third season, ° ^ " 

1 was probably a result of non tillage, which eni- 
p iisizes the need for a noncompacted, cultivated or 
mu chad condition. Salinity reductions un<i^ ^Z 
suggest that wheat yields (see equation in Crop 

blshern bo increased by 10 to 20 

bushel per acre, and there is an option for growina 
crops tliat are more sensitive to salinity. ^ 

Land use effects 

winter cover, and depth to water 
(-^2) . Experi- 

rxr*,:,: ^ 

sod«i. ? crop residue management on 

and a moderaf moderate level of salinity 

high salinitv u 2 had 

mgn salinity and a high water table. 


.OU ..nrew,, o.d f... 
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Table A — Soil salinity changes over 3 years under bare fallow and straw mulch on fallow. Standard deviations are 

In parentheses 


Treatment 

Date 



Soil depth - Inches 



0-6 

6-12 

12-24 24-36 

36-48 

4B-60 



_ „ _ » 


•iHlUjfjhoa vev aentirneter 





Area 

fallowed during 

summer I960 — straw mulch applied in fall 

1960 

Straw 

11-3-60 

6. 5(1. 3) 

0.3(1. 2) 

14.7(3.6) 28,1(4.2) 

34.0(2,3) 

34.0(,80) 

Do. 


Plots cultivated during summer L9G1— Second straw mulch applied in 

fall 1961 

Do. 

10-25-61 

4.0(.92> 

6.l(.47) 

9. 3(1,6) 20.3(2.6) 

30.8(2.3) 

32.0(2.4) 

Do. 

1-11-621/ 

4.1 

6.4 

8.9 11.3 

24.4 

31.9 

Do. 

6- 26-62 

3.0 

4.B 

5.8 14.4 

32.0 

35.0 




Plots 1 

not ouLtlvated during summer 1962 


Do. 

11-16-62 

3.9(l.6> 

5. 6(1.4) 

6.4(,40) 11.2(1,7) 

30.1 (1.7) 

36.7(1.2) 

Do. 

5-14-63 

4.5 

5.5 

7.5 15.1 

30,4 

34.8 

Do. 

7-2-63 

4,3 

4.7 

5.6 11.7 

nd2/ 

nd 




Plots cultivated during summer 

1963 


Do. 

10-9-63 

3. 8(1,0) 

4.6(.35) 

6.3(,62) 11.9(4.0) 

27.6(3.4) 

30.3(2.4) 

Fallow 

11-3-60 

6.8(,40) 

9.1(.93) 

13.1(2.3) 27.6(5.1) 

33,0(2.3) 

33.0(1,6) 




Plots cultivated during smmer 

1961 


Do. 

10-25-61 

5.4(.53) 

7.7(.62) 

10,5(2.0) 23.2(3.7) 

36,3(5.0) 

36.7(4.2) 

Do. 

6-26-62 

7.8 

9.8 

13,6 27.9 

38,0 

35.0 




Plots 

not cultivated during summer 1962 


Do. 

11-16-62 

13.6(1.4) 

13.2(1.7) 

17.5(2.9) 29,7(5.7) 

38,7(5.0) 

39.9(4,6) 

Do. 

5-14-63 

9.2 

10.8 

13.9 27.3 

37.6 

39.3 

Do, 

7-2-63 

10.1 

10.0 

13.9 27.1 

nd 

nd 




Plots cultivated during summer 

1963 


Do. 

10-9-63 

11.5(1,7) 

11.5(.93) 

17.5(2.2) 32.5(4,7) 

38,7(4.7) 

35.2(2,0) 


1/ Unable to eamplo fallow plots this date duo to frozen soil condifciona. 
i/ Not determined. 


The locations were several miles apart on similar 
lacustrine soil and on nearly level topography. Five 
rotation treatments were used in the 1963-67 study 
(table 5), The winter treatments consisted of bare 
soil, a stubble-mulch, and small grain straw applied at 
1,25 tons per acre. Summer land use was cropping to 
either barley or spring wheat or fallowing. 

The B rotation (table 5) was omitted at Site 2 
because of the difliculty in growing a crop. Rotation A 
was used as the check or control treatment. Forty 


pounds per acre each of N and P was applied each 
year on plots seeded to small grain. Summcr-fallowed 
plots were cultivated at least three times during the 
season to maintain good weed control and a soil 
mulch. The stubble was fall-cultivated after harvest 
with a narrow sweep cultivator. 

Soil salinity, evaluated by analyzing saturation ex- 
tracts from five to six test holes per plot, was measured 
before spring planting and after fall harvest. Water 
tables and ground water salinity were measured from 


Table 5— Rotations for winter covers and summer land use as imposed at two sitea that differed in 

salinity and water table levels 




ROTATION TREATMENTS (Wlnter-SuMtier 

land use) 


Yearai/ 

A 

b2/ 

C 

D 

E 

Ist 

4th 

Baro-crop^ 

Baro-Crop|\ 

Bare-Crop^ 

Bare-Cropt^/ 

Stubblo-Crop 

Stubble-Crop 

Stubble-Crop 

Stubble-Crop 

Bare -Pal low 
Bare- Fallow 
Bare- Crop 
Straw-Fallow 

Straw-Fallow 
Straw-Crop 
Stubble- Crop 
Stubble-Fallow 

Bare- Fallow 
Bara-Crop 
Stubble- Fallow 
Dare- Fallow 


V First year was fall 1963 to fall 1964. 

^ Treatment B was omitted at site 2 where soil salinity was high. 


The stubble was buried by moldboard plowing after harvest- 
^ The tost crop was barley except in the 3rd year when spring wheat was seeded. 
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P'igure 34.— Water-table fluctuations during 3 years at 
Sites 1 and 2. 

three obsen-ation wells at each site. Rainfall was also 
measured at each site during the growing season. Pre- 
cipitation was near normal in 1964 and 1966 but 
above normal in 1965 and below normal in 1967. Each 
year monthly totals deviated greatly from normal. 

The water table, measured only during the growing 
season, ranged in depth from 5 to 10 feet at Site 1 
and from 2 to 8 feet at Site 2 (Hg. .H). Analyses of 
the shallow ground water indicated salinity at Site 1 
ranged from 26 to 30 mmhos/cm and at Site 2 from 
45 to 50 mmhos/cm. At Site 1, soil salinity in the top 
24 inches of proflle (fig. 35) was reduced the most iin- 
der Rotation D followed by Rotation C and then B 
during the 4 years. An increase in salinity occurred in 
Rotation A; Rotation E remained virtually unchanged. 
Year-to-year salinity reductions were significant under 
the straw mulch and fallow treatments, but cropping 
and bare winter treatments increased or maintained 
tne level of salinity. 

At Site 2, the greatest salinity reduction also occur- 
red in Rotation D (fig. 36). At the end of 4 years, 
sahnity m the top 24 inches of soil decreased from 34 
m 11^ mmhos/cm. Some reduction also occurred in 
Rotation C. Salinity in Rotations A and E ended up 
at about the same level as in the beginning, but reduc- 
tions up to 10 mmhos/cm occurred during interven- 
ing years. 

Surface vegetative mulches during the winter and 
summer fallow during the growing season reduced 
soil salinity; cropping, however, increased salinity. For 



Figure 36.-Treatment effects on soil salinity (0 to 24 
inches) at Site 1, 



SFTE 2' ROTATION TREvATMENTS 


PiCURB 36. — Treatment effects on soil salinity (0 to 24 
inches) at Site 2. 


example, Site 1 showed a net average soil salinity 
(EG) reduction of 2.5 mmhos/cin in the 6- to 12-inch 
depth from summer fallowing but an increase of 2.9 
mmhos/cm when cropped. Tlie combination of straw 
cover over winter plus summer fallow produced large 
reductions in soil salinity at both sites, 

Summer fallow reduced soil salinity more effectively 
at the moderately saline site (Site 1 ) than at the higiily 
saline location (Site 2). Compared to bare soil during 
the winter, straw or stubble reduced salinity. ApjDiicd 
straw was more effective in reducing salinity near Che 
soil surface at the highly saline site, but stubble mulch 
was sliglitly more effective than applied straw at the 
moderately saline site. 

Climate also influenced the salinity regime, particu- 
laily the times and amounts of precipitation. During 
dry periods, salinity increased in the cropj^ing treat- 
ment but remained mostly static in the fallovv treat- 
ment; during wet periods, salinity decreases were high 
under the fallow treatment but only slight under die 
cropped plots. The fall application of straw mulch in- 
creased leaching efficiency during wet periods. 

In 1966 crop yield (table 6) comparisons among 
treatments were best when four of the five rotation 
treatments were planted to spring wheat. Wheat is a 

because it is more sensitive to 
soil salinity than barley. Rotations A and B produced 
lower yields than Rotations G and D at Site I. At Site 
A because of previous straw treatment, only Rotation 
D had a sufficient salinity reduction to produce a crop. 
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Cultural practices that promote soil water conserva- 
tion can reduce and control soil salinity under dryland 
conditions. 

Soil salinity changes were significantly influenced 
by summer land use, winter cover, and depth to the 
water table. Cultivated summer fallow reduced salinity 
in the root zone* the greatest reductions occurred un- 
der the deeper average water table at tlie moderately 
saline site. Salinity increased under a small grain crop. 
More effective at the highly saline, high water-table 
site, was an applied straw mulch or overwinter stand- 
ing stubble mulch that further reduced salinity. The 
straw mulch was not as efTective at tlie moderately 
saline, low water-table site. Use of an overwinter straw 
mulch and a cultivated summer fallow proved the 
mo.st effective treatment for reducing soil salinity in 
tlie root zone. 

Soil Salinity Reductions 

by Fallow or Crop and Different Winter Covers 

As in the previous experiment, applying an over- 
winter cover of .straw followed by summer fallow was 
effective in reducing soil salinity. Summer fallow and 
cither a bare or straw cover overwinter almost tripled 
the yield of wheat compared with a bare overwinter 
and summer-cropped treatment {41). 

More conclusive information on cultivated fallow 
and vegetative mulches was obtained from a random- 
ized block 4 by 2 factorial design field experiment con- 
sisting of four types of winter cover and two summer 
land-use treatments, 

Winter Cover Summer Land Use 

1, Bare (check) 1. Barley crop (check) 

2. Barley winter cover crop 2. Siinwner fallow 

3. FLax winter cover crop 

4, Straw mulch cover (applied) 

The above treatments were imposed for the first 2 
years but on the third year (1970), a common crop of 
hard red spring wheat was grown on all of the plots. 
Because it is more sensitive to salinity than barley, 
wheat was used as the indicator crop, Objectives of 
this experiment were to evalute the influence of four 
winter cover treatments in combination with two sum- 
mer land use treatments; (a) salt movement in saline 
soils and (b) crop yields. Data obtained included soil 
profile salinity (spring and fall), crop yields, amount 
of winter cover, soil temperatures, soil water, soil water 
tension, artesian pressure, water-table depth, and 
precipitation. 

The study site was located on nearly level saline 
Glyndon silt loam, Average soil salinity ranged from 
12 mmhos/cm in the surface foot to 25 nimhos/cm 


at the 12-foot depth. Sufficient fertilizer was applied 
before spring seeding and before seeding the winter 
cover crop in the fall to avoid yield and growth differ- 
ences due to fertility. The straw mulch was applied at 
a rate of 3,000 pounds per acre. 

Average precipitation was below normal in 1969 
and 1970 but slightly above normal in 1968 (table 7). 
Water tables in the experimental area averaged 6.5 feet 
and ranged from 3.3- to 13-foot depths following the 
normal seasonal pattern (fig. 13), Salinity, primarily 
magnesium and sodium chlorides, ranged between 42 
to 49 mmhos/cm. Ground-water salinity was usually 
higher in the fall than in the spring, but the level of 
salinity never exceeded 49 minhos/cin. 

Piezometer data indicated upward flow gradients. 
Pressures in the 40- and 60-foot piezometers remained 
nearly constant during the 3 years, but the pressure 
in the 20-foot unit fluctuated considerably. 

Soil temperature gradients were downward during 
the summer and upward during the winter under all 
treatments. There were differences, however, in tem- 
peratures and in ranges of temperature because of 
treatment differences, The average January tempera- 
ture at the 8-inch depth was about 5® F wanner under 
straw cover compared to bare soil. Temperature dif- 
ferences plus the accompanying differences in gra- 
dients acted as driving forces in the movement of soil 
water. 

Soil water tension was usually low under the fallow 
treatment. Soil water content was substantially greater 
under straw as compared with bare soil 

A comparison of bare soil versus straw winter treat- 
ments showed that from October 1967 to April 1968 
soil water content in the top 36 inches of soil profile 
was about 15 percent higher under the straw treat- 
ment. Seasonal hydraulic head (tensiometer) data 
comparing cropping vs, summer fallow averaged 
about one-fourth to one-half as high in the fallow as 
under the cropped, 

Treatments (winter cover isiunmer land use) for 
reducing salinity in May 1970 were straw: fallow > 
bare: fallow > straw: crop > barley : fallow > flax: crop 


T»bla Z““ProolplUtion during ths winter cover and sumnvar fallow or 
cropping exporifliont 


Monthi/ 


Preoipitatlon - 

Inches 


bong- term 

1960 

1069 

1970 

January -Apr 11 

3,3 

3.9 

2.9 

2.S 

May 

2.3 

1.5 

1.9 

3,S 

Juno 

3.5 

5,5 

4.6 

2.3 

July 

3,0 

3.0 

2,0 

2.0 

August 

3,2 

3,0 

1,2 

I.l 

September 

1.0 

1,8 

2.4 

3.1 

Ootobor-Decerribor 

2.9 

1.3 

1,0 

2.6 

Total Annual 

20.1 

20.9 

16.9 

17.7 


^ Winter data, are from U«8» Heather Bureau and auDsnar data was coIlect«d 
at the axperlment site. 
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land use on salinity of the 0- to 24-ineh soil depth. 

> flax ; fallow > barley : crop > bare : crop (fig, 37), 
These treatments also gave the most effective cultural- 
land use combination for reducing soil salinity during 
the 3 years of the experiment. Four of the eight treat- 
ments not shown in figure 37 lie between the treat- 
ments bareicropped and straw: cropped. 

The order of treatments for 1970 wheat yields 
(table 8) were similar to those for reducing soil salin- 
ity, Wheat yields in decreasing treatment order were 
straw; fallow; bare;fallow; flax:fallow; barley: fallow; 
straw: crop; flax: crop; barley: crop; and bare: crop. 
Wheat yields ranged from 12,2 bushels per acre for 
the check treatment to 35,2 bushels per acre when 
straw mulch was used with fallow. An economic analy- 
sis was not performed, but the data indicate that the 
most preferred treatment combination over a long 
time would be the winter straw cover, summer crop- 
ping, and then at periodic intervals, a summer treat- 
ment of cultivated fallow. The correlation between 
wheat yields and soil salinity was signficant (fig, 38), 
The regression equation of wheat yields on soil salinity 
was y =24.3— 1.5 (EG), where Y is predicted wheat 
yields in hundredweights per acre and EG, soil salinity 
in mmhos/cm in the 6- to 24-inch soil depth. 

Effects of Plastic Covers on Soil Salinity 
Reductions and Sngorbeet Yields 

Black plastic film covering about 85 percent of 
minor soil ridges between rows Increased siigarbeet 
yields, Compared with the conventional planting 

TobliQ fir- Wheat grain yield data for two aumnor-land-usa and four 
winter-cover treatmenta 


Treatment 

Test velohte 

Grain 

yield 

Control 

ooRipariaon 


Bu/bu 

Bu/aot*a 

Peraent 


Sumer oroppad 1966-60 


(olwcJt) 

53.4 

12.2 

0 

Barley 

54.1 

15,4 

29 

Plaa( 

54. 4 

15.6 

30 

straw 

SS.O 

23.3 

95 


Sumner fallowed 196S-69 


Bare 

54.9 

33.0 

160 

Barley 

54.1 

24.6 

103 

Plax 

54,9 

24.6 

104 

Straw 

55.0 

35.2 

193 



PlQURE 88. — The correlation and regression of 
yields on salinity (EC) of the 0- to 24-inch soil d 


method, soil salinity also was reduced significani 
clear plastic germination cap over the seed row iii 
hastened emergence by 1 to 4 days (9) , 

The field experiment, which compared black p 
film placed between rows and clear plastic film p 
over rows of minor soil surface ridges, consist 
duplicate treatments on a saline ridge and an 
cent nonsaline depression ( 150 feet apart) , Obje< 
in the experiment were (a) improving seed gen 
tion and hastening emergence, (b) concentrating 
cipitatlon into the crop row, (c) reducing e vapor 
between rows, and (d) increasing soil temperatu 
Sugarbeets, a fairly salt- tolerant crop, are sen 
to soil salinity during the germination, sprouting 
emergence stages. When grown on saline soils, j 
beets often do not emerge on the ridges. In the 
saline depressions, however, sugarbeets grow wel 
Potatoes, a high value cash crop grown exteni 
in the area, are much less salt tolerant. Potatoe 
grown only in those areas where soil salinity is Ic 
moderate. Finding and using methods to reduce 
salinity would make more land available for the 
duction of high value, salt-sensitive cash crops. 

The following treatments on each plot conti 
for 3 years: 

(A) S-inch soil ridge, no plastic between rows,' 
4-inch clear plastic germination cap ovei 
rows. I 

(fl) 8-inch soil ridge, with black plastic bet 
rows (86% coverage) with clear plastic gi 
nation cap over the rows. ] 

(C) Plat (no soil ridge) , no plastic, check treaty 

(D) 8-inch soil ridge, no plastic. I 
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The soil at both sites was a Glyndon silty clay loam, 
and elevation difFercd 1,5 feet between the ridge top 
(saline site) and bottom of the depression (nonsaline 
site) . 

Measurements included precipitation, soil tempera- 
ture, soil water, soil salinity, water-table depth, soil 
water pressure, sugarbect yields, and sugarbeet chem- 
ical analyses. 

During the first and last year, mean growing season 
precipitation was above normal but much below nor- 
mal in 1967. During the 3 years water-table depths 
ranged from 2 to 14 feet* Average water tables in the 
depression were higher, but seasonal hydrographs of 
the water table for both sites were similar, On the 
average, ground water flow was upward in the ridge 
but downward in the depression as discussed in Ridge- 
Depression Hydraulic Heads, 

During the first and last year, mean growing season 
precipitation was above normal in 1967. During the 3 
years, water-table depths ranged from 2 to 14 feet. 
Average water tables in the depression were higher, 
but seasonal hydrographs of the water table for both 
sites were similar, Vertical ground water flow aver- 
aged upward in the ridge but downward in the de- 
pression (Ridge-Depression Hydraulic Heads). 

Soil salinity in the 0- to 24-inch soil depth was sig- 
nificantly reduced by the soil ridge treatment and by 
the use of plastic over the ridge, (fig, 39a), Salinity 
decreased from spring to summer in 1966 and in 1968 
because of above normal precipitation and increased 
in 1967 because of below normal precipitation. Usually 
salinity increased from spring to fall irrespective of 
treatment. Salinity was lowest and varied the least in 
treatment B during any one year and throughout the 
3 years. 

In the nonsaline plots, soil salinity was low, but the 
C treatment became more saline (fig. 39b), Although 
soil salinity was expected to be higher in the minor 
ridges (between rows) of treatments A and B, salinity 
between rows and in rows was similar regardless of 
treatment. 

The slight salinity increase in the 2- to 4-foot soil 
depth in treatments A and B indicated that salts moved 
downward from the surface 2-foot depth. The order 
of treatment effects, from best to poorest, was B, A, D, 
and C for reducing salinity in the saline and non- 
saline sites. 

Soil water content, usually higher at the nonsaline 
site than at the ridge site, showed no definite differ- 
ences because of treatment or location such as 
between-row versus in-row. 

Soil temperatures were quite similar at the saline 




Figure 39. — Electrical conductivity of soil saturation 
extracts taken from soils in the sugarbeet rows at 
(a) saline site and (b) nonsaline site. 


and nonsaline sites, Soil temperature increased with 
the black plastic between rows and the clear plastic 
germination cap. Temperatures in the B treatment 
(0- to 12-inch soil depth) ranged several degrees 
higher than in the A and C treatments during germi- 
nation and emergence and remained higher through- 
out the season. The clear plastic geimination cap 
hastened germination and emergence by 3 to 4 days in 
treatment B and by 2 days in treatment A compared 
with treatments C and D. 

Treatment at the saline site in 1967 and 1968 and 
at the nonsaline site in 1967 (table 9) showed a signif- 
icant difference in sugarbeet production. By compari- 
son, Grand Forks County averages for the 3 years 
were 1966, 13.1 T/A^ 1967, 11.5 T/A; and 1968, 
12.7 T/A.^ 

In the saline and nonsaline sites, treatment B usually 
outyielded the other treatments. The low yield in 1968 
in the nonsaline site was possibly caused by exception- 

^Private communication from J. R. Price, N. Dak. Crop 
& Livestock statistician. 
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Table 9*->yi©ids of su^ar beets and percentage sucrose 


Traatiajint 

Yield-- tons 

per acre 


Sucrose— percentage 


1966 

1967 

1968 

Kean 

1966 

1967 

1960 

Moan 




Saline site (ridge) 




A 

12.4 

^5.Sb 

9.9a 

9.3 

19.1 

17.2b 

16.9 

17,7 

B 

15. J 

0.9b 

12.4b 

12.2 

17.7 

17. eb 

16.3 

17.2 

C 

11.8 

5.5b 

12.0b 

10.4 

18.7 

17. 7b 

17,4 

17.9 

D 

13.2 

1.6a 

10.7ab 

9.2 

19.0 

16.2a 

16.7 

17.3 

Significance^ 

0,76 

0.43 

0.49 


0.52 

0.26 

0.41 


9.57 

HS 

13.5 

.01 

7.56 

.05 


4.63 

NS 

2.54 

,05 

4.20 

NS 




Hor.saline site (depreselan) 




K 

16.2 

12. la 

16.1 

14.9 

16.4 

16.5 

15,1 

16.0 

B 

16.1 

15.4b 

14.9 

IS.S 

16.5 

16,9 

IS.O 

16.1 

C 

15.5 

13.1a 

16.1 

14.6 

16.2 

16.8 

14.9 

16.0 

D 

15.0 

10.4a 

15.2 

13.5 

16.3 

17.1 

15.8 

16.4 

cv-^y 

0.65 

0.63 

0.73 


0.21 

0.21 

0,48 


7.15 

0.41 

2.57 


2.20 

2, 39 

5.30 


Signlf icance-y 

HS 

.01 

HS 


HS 

NS 

HS 



^ StajidsTd deviation. 


■2/ Coefficient of variation, 

^ Significance at .01 or .05 levels or not significant (HS). 

Values followed by the sane letter are not significantly different. 

ally wet conditions and aeration problems or a P or 
N deficiency. 

The saline site usually had higher sucrose percent- 
ages than the nonsaline site. Although there appeared 
to be little treatment effect within a site, differences 
occurred between years. Sodium content in sugarbeets 
was usually higher from the saline than the nonsaline 
site and was higher in 1967 than in 1968. Treatments 
A and $ had lower sugarbeet sodium than other treat- 
ments in the saline site, Potassium in sugarbeets was 
higher in 1968 than in 1967 and was usually higher 
from the saline site. Again, treatments A and B had 
lower potassium than other treatments in the saline 
site, Amino-N concentration in sugarbeets was higher 
in 1967 than in 1968 and it was usually greater at the 


saline site. The percentage of chlorides in sugarbeets 
in 1966 was high from the saline site; in 1968, chlo- 
rides were lower than in 1966 but still slightly higher 
in the saline site. Treatment at either site caused no 
difference in chloride content. 

The impurity index, a calculated value, 

^ ^ 3,5 (Na) 4-2,5 (K) -^ 9,5 (Amino-N) 
percent sucrose 

generally met the requirements of 300 to 000 p/m. 
Thus, sugarbeet quality was adequate and good for 
processing. Treatments had little influence on impur- 
ity index, 

Conclusions: Soil salinity was reduced signif- 
icantly through use of black plastic on minor soil 
ridges between rows compared with the conventional 
flat planting method. Salinity reductions were prob- 
ably caused by reduced evaporation and concentration 
of precipitation in the root zone, Sugarbeet yield in- 
creased significantly particularly in years of subnormal 
rainfall. Increased yields were attributed to greater 
water conservation and storage for use in critical 
growth periods, concentration of water in the plant 
row, reduced evaporation, and increased soil tcmjDera- 
ture, 

A clear plastic germination cap usually hastened 
emergence by 1 to 4 days, and combined with the 
black plastic between-rows treatment, increased 
growth and yields, However, the plastic covers are 
still too expensive to be economical unless they can be 
reused or left in place and costs prorated for several 
years. 


DRAINAGE FOR WATER-TABLE AND SALINITY CONTROL 


Two approaches were used in permanent-type solu- 
tions to the salinity and drainage problem: (a) sur- 
face and shallow subsurface drainage and (b) deep 
pump drainage. Both dealt with drainage for salinity 
and water-table control, Types of drainage were sur- 
face and subsurface consisting of pipe (tile) and 
pumping. 

Tile and Surface Drainage Effects 
on Soil Salinity and Water Tables 

Shallow plastic drains, tile drains, and surface 
drainage were evaluated under field conditions. The 
plastic drains were formed from a flat strip of plastic 
into an overlap circular lining for a cavity constructed 
by a combination mole plow and tile-laying machine 
as it was pulled through the field, The drains were 
installed to a maximum depth of 30 inches. The water 
table rose above the drain lines only occasionally so 


the system was ineffective for either internal drainage 
or salinity control and no data are presented, 

Clay tile drains, 6 inches in diameter, were placed at 
a depth of 5,5 feet in combination with land-forming 
in an area of minor ridge-depression topography. The 
ridges were saline but the depressions were nonsaline, 
The experiment site consisted of four 5-acre treated 
plots: (1) not graded plus tile drainage, (2) land- 
leveled plus tile drainage, (3) land-graded, and (4) 
check not leveled or graded. Soil sampling sites and 
observation wells were located on three east-west tran- 
sects 200 feet apart, 

A combination plan-view, a ground surface eleva- 
tion view, and water-table hydrographs are shown in 
figuie 40, The tile drain influenced water tables when 
the water tables were high enough. Too often, how- 
ever, the water tables were below the tile drain. Flow 
from the drain was only intermittent and dependent 
on precipitation and land treatment. 
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PiaUKH 40. — A combination plan view and pfround flui'face elevation view of the tile dvainngfe and land-formed 20- 

acro area. Watov-table depths are shown on five dates. 


In 1965, September prodpilalion was throe times 
the normal 1,9 ineln^s and caus(Jtl a eonsidtnable rise 
in the water table. From Septembei* 16 lo 26, the 
suini) pump was being n^paired and therefore no tile 
effluent was removed fnnn the stim|). The ptimp was 
reinstalled on Sei)l<‘niiMU‘ 26, and by ()ctoh(‘r 4 the 
water table devidojjed as shown. Drawdown eiirves 
(fig. 40) show that tlie zone of inlUienee extended to 
more than 600 feet from the drain, 'Fhe July and Do 
comber water tables arc shown to illnstrate usual 
levels of the water tabh^ 

Soil salinity (plot averages, 0- to 24-im:h deptli) at 
the beginning of the (‘xperiimmt and on three later 
dates is shown in figure 41, The data indicate tile 
drainage was probably reducing soil salinity adjacent 
to the drain; however, soil salinity (luctuated in re- 



Figuoe 41. — Changes in salinity (electrical conductiv- 
ity) of the 0- to 24-inch soil depth at four dates dur- 
hig 8 years, as influenced by tile drainage and land- 
forming. 


sjjonse to the combination of culture (cropping or 
cultivation) and precipitation. The tile drain was not 
deep enough to provide continuous drainage, 

A ])iezomcter battery on the experimental site indi- 
cated upward flow. When the artesian flow or artesian 
contribution is assumed to be 1 inch per year [the 
actual contribution may vary from 0 to 3 inches (10, 
20 ], the quantity of salts contributed by this water 
(using EG -7,0 mmhos/cm) is 0.5 ton per acre per 
year. The total salt outflow in the tile effluent was 
about 0,3 ton annually. But because that 0.3 tons of 
salt came from a 5- to 10-acre area adjacent to the 
drain, the actual salt outflow was only about 0.06 ton 
per acre per year. Thus, these drains were inefFcctivc 
for salinity control. 

Deeper placement of drains should increase the 
drain eflectivencss somewhat, but deep surface drains 
have not been effective in providing water-table con- 
trol and thus reducing soil salinity (see Effects of Sur- 
face Drains). Numerous deep (20- to 25-foot) legal 
drains in the saline areas show no reduction in soil 
salinity, and some of these drains are 20 to 30 years 
old, 


Pump Drainage for Water-Table and 
Salinity Control 

Two pump drainage systems for water-table control 
and amelioration of salt-affected soils were studied. 
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Figure 42,— Layout sketch of the pump drainage ex. 
periment at the deep test well site. 


Objectives of studying the pump drainage systems 
were to investigate the effect of shallow 'and deep 
drainage wells on the water table, evaluate the poten- 
tial of using pumped wells as sinks for saline ground 
water to establish a favorable salt balance, and to 
evaluate the possibility of water-table control and sub- 
sequent salinity control in the entire saline area by 
manipulating the artesian pressure in the underlying 
artesian aquifer. 


Two long-term pump tests were conducted: c 
on a well that fully penetrated the artesian aquii 
(deep-well) and the second on a well that partia 
penetrated the soil {or overburden) above the artesi 
aquifer (shallow' well). Both pump test sites wc 
within the highly saline and high-water-table art 
The deep well test site is located 4 miles north and 
miles west of Grand Forks (SE 14 sec, 15, T. 152 N ] 
51, W.) The shallow well test site is I mile north ai 
/l nule east of the deep well test site. 

Deep well pump test (artesian aquifer) 

A test well (to-be-pumped well) and four obserw 
tion wells were constioicted in 1965 and 1966 (loc; 
tions shown in fig. 42.). Piezometer batteries and so 
solution samplers were also installed at the test-we 
c^erment site. The drilling and electric logs showe 
that the formations, from ground surface downwan 
were 75 feet of lacustrine materials (silts and clays] 
36 feet of glacial till, and 63 feet of sand (Dakot 
Sandstone or a subcrop of Dakota Sandstone). Thu: 
the depth from ground surface to the top of the arte 

5 ian formation was 111 feet 

All of the weJis were constructed with forwan 


rotary drilling equipment. The test well fully pene- 
trated the sandstone aquifer, was gravel-packed, and 
had 50 feet of 10-^inch diameter stainless steel screen. 
Through the overburden, the well casing was 16 
inches in diameter and cemented (with concrete 
slurry) into a 20 -inch drilled hole. 

The observation wells, for aquifer drawdou^n mens* 
urements, were 2 inches in diameter and gravel packetl 
with a 3-foot length of screen centered in the sand 
aquifer at the bottom, These casings were also ce- 
mented into the overburden to prevent leakage (o the 
ground surface from the artesian aquifer. All the wells 
were developed by high-pressure water jetting and air 
injection. None of these ohservation wells were inoni 
than 800 feet from the test well. However, additional 
wells, including one installed by the Agricultural Re- 
search Service and several privately owned farm wells 
(all artesian but not all flowing), were located at dis- 
tances of several' miles from the test well. All were 
monitoied to evaluate drawdown as influenced by 
pumping from the deep test well. Tlic casings of many 
of these domestic wells wei’e in poor condition, but all 
wells responded during the pumping tests. 

Soil samples in 1-foot increments to a depth of 7 
feet at 100 -foot stations northwest and northeast of 
the well were taken twice yearly to determine changes 
in soil salinity. No changes were noted, however, be- 
cause of the slow response time of the overburden and 
becau.se the pump test did not last long enough to cause 
a water-table change. 

Piezometer batteries were installed at various depths 
into the overburden and at several horizontal dis- 
stances and directions from the test wells, Thc.se read- 
ings were used to evaluate response in tiie overburden 
to pumping from the aquifer. Some of the 5'&-inch 
diameter pipe piezometers, installed in a drilled hole, 
had porous ceramic tips on the lower end. They were 
capped and attached to mercury manometers which 
made each piezometer a closed system. 

Because positive and negative pressures were to be 
measured, using closed system piezometers should 
have been the best measurement system.. However, a 
gas (probably of electrolytic rather than biological 
origin) formed inside the galvanized pipe cavising 
erroneous manometer readings. Therefore, additional 
batteries of piezometers (as described in Methods and 
aterials) were installed by jetting, These were func- 
tiona , accurate, and read directly by measuring the 
water levels in pipes. 

Soil solution samples were obtained periodically 
from a site near the pumped well to evaluate possible 
changes m chemistry of the profile. 
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Figure 43, — Pumping test in operation. 


Pumping tests (fig, 43) were conducted three times: 
a 24-hour test at fiOO gal/min immediately after con- 
struction of the well in September 1966; an 18-day 
test at 500 gal/min in October 1967; and a 179-day 
test, continuous except for seven brief power outages, 
at 500 gal/min between June 7 and December 3, 1968, 

A longer term pumping test would have been desir- 
ous because of the slow hydraulic readjustment in the 
overburden. However, a longer test would have im- 
posed additional hardship on the surrounding rural 
people because of water pressure reduction in or flow 
stoppage from their artesian wells. A longer test would 
also have required extensive precautions against win- 
ter conditions. So to evaluate overburden response to 
pressure changes resulting from the aquifer pumping, 
a theoretical approach (4) was used. 

Discharge of the pump was manually regulated 
with a gate valve and continuously monitored with a 
bell-mouth orifice equipped with a standpipe and 
water-stage recorder. The orifice and recorder were 
calibrated with an inline flow meter. Data from the 
four constructed observation wells and continuous 
readings of atmospheric pressure obtained near the 
pump site were used to determine the barometric ef- 
ficiency of the aquifer, which was found to be 26 per- 
cent. In other words, a barometric pressure change of 


100 millimeters causes a change of 26 millimeters in 
the water level in a well tapping that aquifer, 

Although the water table in the overburden fluc- 
tuated considerably throughout the year, a depth of 
10 feet below ground surface was used in the analyses. 
Static piezometric head in the aquifer was about 6 
feet above ground surface, 

Aquifer transmissibility and coefficient of storage 
were calculated from drawdown data obtained from 
the observation wells and test well and by the use of 
the established nonequilibrium formulas for well tests 
(23). These values are transmissibility (T) of 45,000 
gal/d/ft and storage coefficient (S) of 2,2 X 10~^. 
The specific capacity of the pumped well was 16.9 
gal/min/ft of drawdown after 24 hours and decreased 
to 10.5 gal/min/ft of drawdown after 179 days of 
pumping. 

Drawdowns in the test well and in an observation 
well 800 feet away at the end of the 179-day test were 
47.2 and 19,5 feet, respectively, Before pumping be- 
gan on June 7, water levels in the same two wells 
were about 6 feet above ground surface. At the end 
of the 179-day test, many farm wells near the test well 
were no longer flowing, had a greatly reduced piezo- 
metric head or both. For example (fig. 44), a well 2 Vi 
miles north of the test well had a piezometric head 
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Figure 44. — Hydrographs of domestic wells as influ- 
enced by the deep well pump test. 

reduction of more than 10 feet. The radial distance 
influenced by pumping exceeded 5 miles. Thus it was 
evident that enough water could be removed by 
pumping from the aquifer to reduce the artesian pres- 
sure sufficiently so that water-table control could be 
achieved. The ultimate objective, however, is not to 
dewater the aquifer but only to reduce the artesian 
pressure. Reducing the artesian pressure in the aquifer 
will cause the water table to be reestablished at a 
greater depth in the soil profile. As a result, salts will 
leach out of the plant rooting zone and remain at 
deeper depths. 

Ovei burden permeability, based on an arbitrary 
selection of a leaky type curve in the pump test analy- 
sis, was 58 in/yr. With an average upward hydraulic 
gradient of 0.16 feet per foot, the amount of water 
flowing upward to the water table was 9 in/yr. 

In a year-round ground water disposition study 
(iO), conducted some years previous to the pump 
test, the artesian flow (through vertical upward leak- 
age) to the water table amounted to about 3.6 in/yr. 
A water-balance analysis based on the aquifer trans- 
missibility of 45,000 gai/d/ft, an eastward hydraulic 
gradient of 5 ft/mi in the aquifer, and the surface 
area affected by excess soil salinity showed that the 
upward flow contribution of saline artesian water to 
the water table was about 0.5 in/yr. This flow rate 
was also shown to be compatible with salt balance 
calculations for the overburden and is considered a 
more realistic estimate of the actual amount of leak- 
age. Based on this upward flow of about 0.5 in/yr, 
the vertical permeability of the overburden becomes 
0.01 m/d, which is a reasonable estimate for these 
fine-textured overburden materials ( 20 ). 

To obtain water-table control by pumping from an 
artesian aquifer, two conditions must be satified. First, 
the physical properties of the aquifer must be such 
that pumping will reduce hydrostatic pressure enough 


that the water table will be reestablished at a lower 
depth. Secondly, physical properties of the overburden 
must be such that water-table control can be effected 
in a reasonable length of time after reducing the aqu- 
ifer artesian pressure. 

The deep well pump test indicated the economic 
feasibility of stopping the upward flow of saline water 
from the aquifer into the overburden. Thus the physi- 
cal properties of the aquifer are such that pumping 
can reduce the artesian pressure in the aquifer enougli 
to reestablish the water table at a lower depth. 

Piezometer Readings, obtained during the 179-clay 
pump test, indicated that the hydraulic pre.ssure re- 
distribution (or reduction) in the overburden was 
progressing upward but at a rate of only 0.2 ft/cl, 
Hydrographs of three piezometers located 150 feet 
from the pumped well showed the earliest and greatest 
response at those depths in the overburden neare.st the 
aquifer (fig. 45). No head reductions were apparent 
above 60 feet below ground surface (or 50 feet above 
the aquifer) during the 179-clay test. 

Plydraulic diffusivities were evaluated from the 
piezometer data ( 4 ), Plydraulic diffusivity is the con- 
ductivity of the saturated medium when the unit 
volume of water moving is that involved in changing 
the head a unit amount in a unit volume of medium 
(32) , Low hydraulic diffusivity values are associated 
with fine-textured materials and indicate a slow rate 
of growth for pressure responses, 

^ The water flow in this hydraulic sy.stem was con- 
sidered similar to the one-dimensional flow of heat in 
a semi-infinite slab ( 15 ) with the hydraulic head 
being comparable to the temperature. The soil above 
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Figure 45.— Hydrographa of three piezometers In the 
overburden located 160 feet from the deep well pump 





the water table functions hydraulically in the same 
way an insulative blanket functions relative to heat 
flow, The aquifer-overburd(‘n interface is analogous 
to the slab surface to which the temperature condi- 
tion (change) is applied, 

Tlie first step in the analysis used tlie piezometer 
data obtained from various depths in the overburden 
(fig. 4-5) to calculate the hydraulic dilTiisivity of the 
overburden materials. Calculated hydraulic difTusivi- 
tics for the lower 40 feet of the ovtuburden ranged 
from 0.4 ft^/d to 2.5 h^/c\ and averaged 1.44 ft^/d 
The second .step involved ai)|)lying s]jecific lioimdary 
and initial conditions with the ])reviously determined 
hydraulic difTusivity values and .solving the difTcrential 
equation to evaluate water-table drawdown as a func- 
tion of time. 

The growth of pressure reduction response with 
time through the overburden was of interest, but the 
water-table response was of jn'inmry importance in 
this drainage analysis. The effect of hydraulic dif- 
fusivity on the time required to effect a water-table 
response i.s sljown graphically in figure 4(). A decrease 
in liydraulic clifl'usivity from 2.5 if/d to 0,4 ft^/d in- 
creasc.s the time required for water-table res|)onse to 
begin from 850 days to 1,520 days. 

Several examples illustrate use of the curves. Based 
on the curve for Do (hydraulic diffusivity) = 1.44 
ft-/d and a water-table drawdown (v) of —5 feet 
(this would be 5 feet below the existing water table of 
10 feet below ground surface), 2,600 days (7.1 years) 
would be required to produce 5 feet of water-table 
drawdown when the aquifer drawdown is 52 feet. Or 



PIOUUE 46,— Curves showing water-table responses (H) 
with time for three values of hydraulic diffusivity 
(Dq) when the initial condition was f (x)=;0.16x and 



PiGUHEj 47, — Kelationships between hydraulic diffusiv- 
ity, (Df,), aquifer drawdown, and pumping time re- 
quired to produce various amounts of water-table 
drawdown (v)* 

for the case where only 2 feet of water-table draw- 
down is desired, using the same hydraulic diffusivity 
(Do = 1.44 ftVd), continuous pumping for 1,920 
days (5,26 years) would be required at the same 
aquifer drawdown of 32 feet. An aquifer drawdown 
of 32 feet, in this hydraulic system, is equivalent to 
an imposed head of —16 feet (V == — 16 feet). 

Using the information, methods, and analyses de- 
scribed here enhances the possibility of designing a 
drainage well field and selecting pumping rates that 
will produce the required aquifer drawndowns. For 
example, if an aquifer drawdown of 32 feet is desired, 
several combinations of well spacings and pumping 
rates could be designed and used. The same criteria 
apply when either water-table drawdowns or lengths 
of pumping arc the limiting factor. 

The combined effects of hydraulic diffusivity and 
imposed hydraulic head on water-table response time 
were evaluated for three hydraulic diffusiyities (fig, 
47). Comparative time periods required to produce 
2, 3, or 10 feet of water-table drawdown are shown as 
functions of imposed head (drawdown in the aquifer). 
Water-table response can be produced only by aquifer 
drawdowns greater than 16 feet because of the exist- 
ing initial upward hydraulic gradient. 

The well field, illustrated in figure 48, which is 
based on limited geologic and physical characteristics 
of both the aquifer and overburden, is used to de- 
scribe principles of the analysis. The well field repre- 
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PiQURE 48. — Proposed drainage well field. Saline area 
is inside the dashed line. 


sents one of many that could be used to drain this 
saline area in Grand Forks County. Existence of the 
pologic barrier on the eastern edge of the saline area 
increases the effectiveness of each pumped well (solid 
dots) by an amount equal to the effect produced by 
the image wells (open circles). These imaginary wells 
are used to duplicate, hydraulically, the effects on the 
flow system caused by a known physical boundary 
( 23 ) . 

If the proposed drainage system of 1 1 wells were 
pumped at a rate of 500 gal/min, the aquifer draw- 
downs produced at the end of the given pumping 
periods would be as shown in table 10. Drawdowns 
at the wells are given in column 3] those in column 
4 represent averages of the aquifer drawdowns for the 
21 locations described by the midpoints of the diag- 
onals between the wells and the outside corners of 
the grid squares. A drawdown of 32 feet at the diag- 
onal midpoint would be achieved in less than a year 
and drawdown at the pumped well would be more 
than 66 feet. Pumping rate should be reduced upon 
achieving the 32 feet drawdown at diagonal mid- 
point to avoid excessive drawdowns that would de- 
water the aquifer. Dewatering of the aquifer would 
begin with a drawdown of 116 feet in the pumped 


Table tba vella and walls* addj«lnta when 

at a rate of 500 gpm for three periods 


Pumpiiw rata 

ceritvi 

Aquifer drawdown— feet 

Gal Alin 

500 

500 

500 

lao 

365 

IBOO 

Feet 

€6,9 

S3, a 

125.8 

uAoqonaji ttidoointB 

Feet 

30.6 

45.3 

83.3 


well; if the pumping rate remained constant, 116 feet 
of drawdown would occur after about 1,800 days of 
pumping. 

The 11 -well drainage system would be much less 
effective without presence of the barrier (fig. 48). 
Without the barrier, aquifer drawdown produced at 
the midpoint between four wells would be only 22.1 
feet after pumping for 180 days at 500 gal/min. The 
presence of the aquifer boundary accounts for about 
28 percent of the effective drawdown in the saline 
area. 

Three methods for disposal of the saline pumped 
water can be suggested. The first would be to empty 
it directly into the Red River. Salt content of the 
pumped water was about 4,400 p/m. The well system, 
if each well is pumped at 500 gal/min, would yield 
about 12.25 ftVs- Average (for 89 years) flow of the 
Red River at Grand Forks, N. D., is 2,435 ftVs* but 
extremes have ranged from 80,000 ftVs to 2.4 ft Vs 
(52). Using an average low flow of 280 ft^/s for a 
9-month period and a lO-year recurrence interval, the 
pumped drainage water would increase average salt 
concentration in the Red River by about 170 p/m. A 
second method would be to store the pumped saline 
water in a reservoir during periods of low flow and 
discharge it during periods of high river flow. A third 
disposal method could be to reclaim the water, process 
it for dry salt production, or both. 

As previously stated, pz'imary objective of the pump 
drainage system would be to stop the upward flow of 
aitesian water and salts into the plant root zone and 
to lower the water table. The pump drainage system 
would not dewater the artesian aquifer nor would it 
remove all of the salt from the overburden. Stopping 
upward flow and lowering the water table would pro- 
vide a depth of soil that would be leached free of salts 
by applying cultural practices and by making use of 
precipitation received in the area. Thus, in time and 
with good soil husbandry practices, a relatively salt« 
free root zone would be developed. 

The proposed 11-well drainage system would re- 
claim the entire saline, poorly drained area in Grand 
Forks County. Each well then would benefit about 
16,000 acres, and assuming that the well will cost 
about $12,000 and have a life of 20 years, the pump 
and motor will cost $63,000 and have a life of 5 years, 
the interest rate will be 7 percent, and the electric 
power will cost $0.02/kwh, then the total annual 
pumping cost would be $0.34 per acre. This cost in- 
cludes neither tlie cost of a conveyance system nor a 
treatment or disposal system for the discharge waters 
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Aside from the need for continuous pumping, 
pump drainage for the saline areas of Grand Forks 
County^ and probably for all of the afTectecl areas in 
the Red River Valley, would be technically and eco- 
nornically feasible, 

Studies are under way to obtain more data on the 
physical properties of the overburden and aquifer sys- 
tem. This information will not only be useful and 
important in finalizing plans for the pump drainage 
system but would also reveal some of the possible ad- 
verse cflects of pumping, For example, land subsi- 
dence could occur as a result of pumping for drain- 
age, The effects of pumping on domestic water sup- 
plies would also require consideration. 

Shallow well pump test (from the overburden) 

The shallow production well was constructed in 
1966 (fig, 49) . Total depth of the well was 60 feet, exr 
tending tlirough the lacustrine materials and terminat- 
ing in the glacial drift. Three-foot sections of 4-inch 
well pipe alternating with 3-foot sections of 4-inch well 
screen were installed in the 20-inch drill hole; a 7-foot 
length of pipe was coupled to the alternating sections 
at 6 feet below the ground surface. Gravel pack in the 
well was of pea-sized rock. Pumping from the well 
was performed with an electric motor-driven sub- 
mersible unit equipped with electrodes to maintain 
the water level within the well near the bottom. 



Figurb 49, — Layout detail of the shallow well pump 
test experiment area, 


Water pumped from the well was metered and dis- 
charged into a surface drain. The pump ran inter- 
mittently on demand. 

A short-term pump test was performed on October 
13 to 24 in 1967. Pumping was intermittent with an 
average rate of 15 gal/h. The average electrical con- 
ductivity of the water was 20.1 mmlios/cm. 

A second pump test was conducted in 1968, from 
June 19 to October 24, The electrodes were set for 
the pump to start at 49 feet and stop when the water 
level in the well had been pumped down to 57 feet. 
Average pumping rate was 8.3 gal/h and the average 
EG of the water was 20,6 mmhos/cm. 

The two pumping tests in 1967 and 1968 indicated 
that a longer pumping test was required to obtain 
water-table response in the overburden. Thus, the 
third pumping test, initiated on May 28, 1969, was 
continued except for stoppages caused by power out- 
ages and pump breakdowns until October 31, 1970 
(521 days). Pump start-and-stop electrodes in the 
well maintained the water level between depths of 42 
to 47 feet. Maximum water depth in the well had de- 
creased as a result of fine materials settling in the 
well during the previous two nonpumping winter pe- 
riods, During the third pumping test period, average 
discharge from the well was 13 gal/h and the average 
EG of the water was 21.3 mmhos/cm. 

At the site, several piezometer batteries and observa- 
tion wells were installed to evaluate water tables and 
profile piezometric heads (fig, 49). The piezometers 
north of the well, except for the battery 10 feet north, 
did not function properly as a result of gas in the 
systems (as described in the deep well test). Although 
they responded slowly because of the low conductance 
of the ceramic tips, these piezometers were later used as 
open systems and appeared to perform satisfactorily. 
The other piezometer batteries were all of the open- 
at-both-ends type and gave reliable readings. 

Initial piezometric pressures show the typical up- 
ward gradient that indicates flow to the ground sur- 
face from underlying formations. Piezometric surface 
drawdowns at two dates — one year apart — measured 
by piezometers north of the pumped well, show that 
the greatest drawdown occurred near the well at a 
depth of 40 feet (fig. 50), The piezometric surface .at 
this depth dropped 5 feet as the water table in the 
area rose about 2 feet during the first year of pump- 
ing, After the year of pumping, little response in pres- 
sure was indicated at 60 feet, a fair response at 20 
feet, but a pronounced pressure decrease at 40 feet. 
The water-table rise resulted more from precipitation 
and surface conditions than from artesian pressures. 
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Figure so.. — H ydrographs of piezometers near the shal- 
low well pump test at initiation and 1 year later. 


Thus, the 1 year of continuous pumping did have a 
beneficial effect by creating drawdowns in tlie 40- and 
20-foot piezometric pressures, but it did not have 
much influence on the 60-foot piezomctric water level 
except near the well. The latter was to be expected 
because the pumping water level in the well was 42 
to 47 feet. The radial distance influenced by pumping 
exceeded 320 feet, as shown by piezomctric pres.surcs 
in the 40-foot piezometers, and reached 320 feet as 
indicated by the 20-foot piezometers, 

The lack of pumping influence on the water table 
is difficult to explain, but it probably is related to the 
rate that water could flow through the line-textured 
overburden to the well. Additional sustained jnimping 
should eventually lower the water table, but the sys- 
tem was not effective over the 3-year study. 


DISCUSSION AND SUMMARY 


General 

Solutions to the problem could be either temporary 
or permanent reductions of soil salinity in the root 
zone. 

Living with the Problem 

• Irnpounding precipitation was effective in partially 
desalinizing a saline silt loam soil on a ridge in the 
lidge-depression micro-relief area. Single applications 
of leaching water were effective in initially reducing 
soil salt concentrations. After 3 years of cropping, 
however, applied leaching treatments had about the 
same profile salinity as the treatment receiving only 
natural precipitation. 

Soil salinity remained high or increased with time 
in the treatment allowing precipitation to run off the 
plot. Wheat yields were significantly affected by soil 
salinity in the 6- to 16-inch soil depth. The regression 
of wheat yields on soil salinity was 

y « 68 — 8 (EC) -f 0.24 (EG)® 

where Y is the yield in bushels per acre and EC is 
electrical conductivity of the saturation extract in 
mmhos/cm. Leaching had no ill effects on the soil 
complex. 

• The practice of summer-fallowing for water con- 
servation was also effective in reducing soil salinity. 
Under continuous cultivated fallow, barley and 
bromegrass, during a S-year study, average soil salinity 
in the 0- to 24-inch depth was highest in the grass 
and lowest in the cultivated fallow. The water table 
was usually higher under the fallow. Wheat yields 
were increased fourfold on the fallow as compared 
to tlie barley treatment in the fourth cropping season. 


Salts leached were primarily chlorides but sulfates 
were also leached. The sodium-adsorption-ratio 
(SAR) decreased under fallow but increased under 
grass. 

• One 3-year study to reduce soil salinity under 
continuous bare and applied straw mulch indicated 
salinity reductions under both treatments, but re- 
ductions were continuous under the straw cam- 
pared to the bare treatment, in which changes wore 
erratic. The fallow treatment needed periodic cul- 
tivating to maintain a soil mulch for sustained 
salinity reductions. The significant .salinity reduc- 
tions under straw mulch indicate that wheat yields 
could be increased by 10 to 20 bushels per acre. 

Soil salinity can be reduced and controlled under 
dryland conditions through the use of cultural prac- 
tices which promote soil and water conservation. 
The combination of an overwinter straw mulch 
plus summer fallow was an effective treatment for 
maximizing the reduction of root zone soil salinity. 
Standing stubble was not as effective in reducing 
soil salinity overwinter as was an appljcd straw 
mulch. 

• An overwinter cover of applied straw followed by 
cultivated summer fallowing effectively reduced soil 
salinity. Summer fallow and either a bare or straw 
cover overwinter almost tripled the yield of wheat com- 
pared with a bare overwinter and summer-cropped 
check treatment. The order of treatments by wheat 
yields were similar to the order of soil salinity reduc- 
tiom. Those treatments giving highest wheat yields 
and having the lowest soil salinity at the end of the 
4-year experiment, in decreasing order for wheat 
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yields and increasing order for soil salinity, were 
straw-fallow; bare-fallow; flax-fallow; barley-fallow; 
straw-crop; flax- crop; barley- crop, and bare- crop. 
The most preferred treatment combination for soil 
salinity reductions and increased crop yields, over a 
long time, would be the winter straw cover with sum- 
mer cropping and then periodically include summer 
fallow. 

• Sugarbeet yields increased and soil salinity de- 
creased by using black plastic film covering 85 percent 
of minor soil ridges between rows compared with the 
conventional flat planting system. A clear plastic 
germination cap over the row hastened emergence by 
1 to 4 days. 

Drainage for Water-Table and Salinity Control 

• Shallow subsurface drainage was ineffective. The 
drains functioned only when the water table rose high 
enough to cover the drains and the.se rises occurred 
only intermittently. 

Underground pipe drainage removed salts from the 
adjacent soil. Drains were at a depth of 5.5 feet and 
flow through the drains occurred only intermittently. 
Calculated outflow of salts through the drains was 
about 0.06 ton per acre annually. The total annual 
contribution of salts from artesian inflow (based on 
0.5 inch of water) was about 0.25 ton per acre. Thus, 
the salt contribution from artesian inflow was four 
times greater than salt removal because of the tile 
drainage. Deeper placement of the tile drains, how- 
ever, might have increased water and salt removal. 

• Continuous pumping from the confined formation 
to reduce upward flow of artesian water and salts and 
to lower the water table is apparently the only perma- 
nent solution to the drainage and salinity problem. A 
long-term pump test from a single well indicated that 
a pump drainage system is economically feasible. This 
system would not dewater the artestian aquifer nor 
would it remove all of the Salt from the overburden. 
A pump drainage system would reduce upward flow, 
lower the water table, and provide a depth of soil 
(plant root zone) below the ground surface that 
eventually would be leached free of salts by precip- 
itation. 

Well and Pump-Test Data Summary: 

— The overburden consisted of 75 feet of lacustrine 
silts and clays and 36 feet of glacial till. 

— Top of the 63-foot thick sandstone aquifer was at 
111 feet. 

— Artesian pressure in the aquifer (static) was 6 feet 
above ground surface. 

— Transmissibility (T) of the sandstone aquifer was 
45,000 gallons per day per foot. 


— Storage coefficient (S) of the sandstone aquifer was 
2.2 X 10-*. 

— Horizontal hydraulic gradient of the sandstone 
aquifer was 5 ft/mi to the east. 

— Vertical hydraulic gradient in tlie overburden was 
0.16. 

— Vertical hydraulic conductivity of the overburden 
was 0.01 in/d. 

— Vertical flow contribution from the aquifer into the 
overburden was evaluated as 0.5 in/yr. 

Overburden Drainage Analysis^ 

— The i 79-pump test data, combined with an analysis 
that assumed pressure redistribution in the overbur- 
den was analogous to linear flow of heat in a slab, 
was used to evaluate hydraulic difTusivity of the over- 
burden. 

— Calculated hydraulic diffusivities averaged 1 .44 f tVd 
indicating that hydraulic head in the overbxirden 
will readjust very slowly after a head reduction at the 
aquifer-overburden interface. 

— The natural water table fluctuated between ground 
surface and 14 feet. In the overburden drainage 
analysis, an average depth of 10 feet was used. 

— ^The length of time required to effect hydraulic 
head redistribution (and subsequent water-table and 
salinity control) depended on the hydraulic difTusivity 
of the overburden, 

A Proposed Pump Drainage System (based on data 
from the one pump test) : 

— ^The total drainage system would consist of 11 wells 
pumping from the artesian formation, 

— Each well would be pumped at < 500 gal/min, 

— Each well would reclaim or benefit about 16,000 
acres of saline land. 

— Continuous year-round pumping would be required 
and would lower the water table 2 feet in 5.3 years 
or 5 feet in 7.1 years with an aquifer drawdown of 
32 feet. 

— Cost of the drainage system and operating costs 
(based on 7 percent interest) would be about $0,34 
per acre annually. 

— If all of the drainage discharge water were emptied 
into the Red River of the North, the probable increase 
in salt concentration at average river flow would be 
about 22 p/m. At average low flow of the Red River, 
the salt concentration would increase by 170 p/m 
because of pump drainage. 

— Studies are underway to evaluate formation thick- 
nesses, overburden characteristics, and possible ad- 
verse effects of pumping on land subsidence and do- 
mestic water supplies. 
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• Continuous pumping from the overbuidcn forma- 
tion (from a shallow well, unconfined aquifer test) 
indicated that the piezometric head can be reduced 
in some layers, but lowering the water table by this 


method would be a slow process. More than a year of 
continuous pumping and two separate summer pump 
tests produced only limited water-table effects. 
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Table 13, Composition of soil fiaturatlon extracts front 12'’foot proflloe In an area northwest of the hydrolo^lo 
study area. Grand Forks County » K. bak. 


Location 

Depth 

Texcureil/ 

Electrical 

conductivity 

Soluble cations 
tfa K Ca4Rq 

Soluble 

Ka 

5XR 


Jndhea 


hinhoe/om 

— Weg par 

Htov— 

FcToant 


NVJ** 9, T, 152 H., R. 53 M., 

0-30 

SL 

0.4 

0.3 


4 

a 

2 

(IntQrheaoh)i lacustrine 

30-60 

S 

.3 

.3 


3 

10 

3 

aodiments 

60-70 

6 

.3 

.2 


2 

11 

3 


70-90 

6 

.3 

.5 


2 

15 

5 


90-102 


.5 

1.1 


4 

22 

1 


102-132 

cii/ 

1.0 

1.9 


6 

19 

1 


132-150 

Ch-d/ 

1.7 

2,7 


14 

16 

1 

3# T. 152 H, # R. 53 H, # 

0-12 

StCL 

3.1 

10 


21 

32 

3 

lacuBtrlno sediments 

12-24 

SiCL 

5.0 

21 


34 

38 

S 


24-34 

StCL 

9.2 

4B 


62 

44 

9 


36-60 

SiCL 

12.4 

GB 


02 

45 

11 


60-70 

SiCL 

10.4 

65 


68 

47 

10 


70-114 

SiCL 

8.2 

45 


53 

46 

9 


114-120 

SL 

8.0 

38 


55 

40 

7 


12O-1S0 

CL 

7.6 

39 


51 

43 

0 

HW4 36, T, 152 H., R. 53 

, 0-6 

SiCL 

4.5 

15 


35 

30 

4 

lacustrine sediments 

6-24 

SICL 

7.8 

30 


56 

40 

7 


24-36 

SICL 

9.5 

43 


72 

37 

7 


36-72 

SICL 

16.0 

61 


143 

30 

6 


72-90 

SIL 

17.6 

60 


162 

30 

B 


90-102 

gCL 

13.2 

46 


115 

28 

6 


102-126 

Cl3/ 

12.0 

43 


107 

29 

6 


126-150 

Qiy 

10.3 / 

37 


00 

30 

6 

SE\ 10, T. 153 H. # R, 52 H, 

# 0-6 

SIL 

17.6 

120 

0.3 

110 

52 

16 

lacustrine sediments 

6-12 

6iL 

20.8 

152 

.2 

210 

56 

15 


12-30 

SIL 

19.6 

136 

.2 

119 

S3 

18 


30-60 

SiL-SiCL 

27.2 

180 

.2 

185 

49 

19 


60-04 

SICL 

22.8 

148 

.2 

152 

49 

17 


04-132 

C 

16.0 

132 

.3 

03 

61 

20 


132-150 

C 

14.6 

124 

.5 

60 

44 

33 

3, T. 1S3 H,# R. 52 H, , 

0-6 

SIL 

9.0 

S4 


55 

49 

10 

lacustrine sediments 

6-10 

SiL 

10.0 

52 


70 

43 

9 


18-30 

OIL 

11.6 

74 


?l 

51 

12 


30-54 

SiCL 

14.4 

75 


110 

41 

10 


54-90 

SiCL 

11.0 

SO 


05 

37 

a 


90-130 

c 

10.0 

40 


83 

33 

6 


130-1SO 

c 

16.0 

66 

.5 

136 

33 

8 

6WV 17# T. 154 M.# R, 51 W, 

# 0-6 

SiL 

5.4 

13 

.2 

49 

21 

3 

lacustrine sediments 

6-12 

SiL 

0.0 

27 

.2 

70 

26 

4 


12-30 

SlL 

15.0 

55 

.3 

135 

29 

7 


30-S4 

SiL 

19.6 

70 

.5 

184 

27 

7 


54-90 

SICL 

16.0 

53 

.5 

151 

26 

6 


90-132 

C 

16.0 

53 

.5 

151 

26 

6 


132-150 

C 

13.6 

44 

.5 

125 

26 

6 


^ Toxtuco by fael. Sodium adsorption ratio (SAR) * Ha//(Ca+Mg)/2, 

i/ Compact glacial tilli usually overlain vith a thin coarse- textured washed contact sone between it and iaoustrlne 
sedimonto. 


Table 14«'“*Pai:tiol8 size analyses of selected horlxons from principal soils of the area 


Particle sirs, nlllliaeters 


Hprlson 

Depth 

V.0.1/ 

sand 

2.-1 

O. Q, 

Hand sand 

1-0.5 0,6-0.25 

f, 

sand 

0.25-0,1 1 

V.f, Total 

sand sand 

0.1-0,05 2-0.05 

Silt 
,05-. 003 

Clay 

<.003 

>2iiib 

Texture 


lnoho9 

- - - - 


- - 


Favomt ------ 


“ “ “ “ 

“ - “ 




Profile 5j 

, NMV BBC. 9, 

, T. 152 N, , R 

. 51 w. 

{Rye Twp.) - 

lacustrine 



A 

0-6 

0.1 

0.5 

0,3 

1.5 

1.9 

4.3 

62.4 

33.3 

0 

SiCL 

A 

0-16 

.0 

.2 

.2 

.5 

1.6 

2,6 

67.9 

29.5 

0 

SiCL 

C 

32-43 

.0 

.1 

.2 

.6 

1.7 

2.6 

07.1 

10.3 

0 

Si 

C 

54-72 

.3 

.3 

.2 

.4 

.6 

1.6 

83.5 

14.7 

0 

81L 



Profile 

15, 

sec. 21, 

1 T, 154 K, , R 

. 52 H. 

(Levant Twp.] 

1 - lacustrine 



A 

0-6 

0.2 

0.2 

0.2 

0.6 

2.0 

3.4 

60.6 

36,0 

0 

SiCL 

A 

6-13 

.2 

.4 

.2 

.7 

2.7 

4.2 

57.7 

38.1 

0 

aicL 

G 

13-30 

.1 

.2 

.3 

.9 

1,7 

3.2 

71.9 

24.9 

0 

BiL 

C 

54-70 

.2 

.4 

.3 

.6 

.5 

2.2 

54.3 

43. S 

0 

8tC 


Prcfila a# 

Ridge, REHNWS seo. 0, T. 151 (?. 

)# R. SI H, {Brenna Twp.) - lacustrine 



A 

0-5 

0.1 

0.5 

0.3 

1.0 

2.1 

4.0 

65.3 

30.7 

0 

SiCL 

c 

12-19 

.0 

.1 

.2 

.8 

5.9 

7,0 

75.4 

17.6 

0 

SiL 

c 

19-27 



Too gypsiferous to analyze# class estimatad 



0 

SICL 

c 

56-72 

.2 

.4 

.3 

.5 

.6 

2,0 

62.4 

35.6 

0 

SICL 


Profile 16# Depression, NE^NH^ 

seo. 0# T. 151 H., R 

. 51 H, (Brsnna TWp.) - 

lacustrine 


A 

0-7 

0.0 

0.5 

0.4 

1.0 

2.2 

4,1 

67.1 

20.8 

0 

SiCL 

A 

13-16 

0.1 

0.4 

0.4 

2.0 

4.5 

7.4 

60.7 

31.9 

0 

SiCL 

C 

16-29 

0.2 

0.5 

0.4 

1.0 

2,2 

4,3 

65.1 

30.6 

0 

BICL 

C 

29-40 

0.3 

0.9 

0,7 

1.0 

1.2 

4.1 

67.3 

26.6 

0 

SiCL 

C 

49-55 

1.1 

0.0 

0.5 

1.0 

1.2 

4.6 

62.0 

32.6 

0 

SiCL 

C 

66-84 

0.6 

0,4 

0.3 

0.4 

0,3 

3.0 

59.2 

36.6 

0 

SiCL 



Profile 

10, 

NW^ sec. Bf 

T. 150 H., R. 

51 W. 

(Allendale Twp.) - glacial 



A 

0-5 

3,0 

9.9 

13,0 

21.3 

6.5 

54.4 

29.3 

16,3 

0 

fSL 

D 

11-18 

U,7 

6,9 

13.1 

23.3 

5.1 

62.0 

27.2 

10,8 

20 

gSL 

D 

25-32 

3.2 

4,3 

4.6 

9.6 

4,7 

26.4 

43,7 

29.9 

5 

CL 

D 

54-72 

3.0 

3.9 

3.5 

9.0 

6,8 

37.0 

53,0 

20.0 

9 

SIL 



Profile 

13# 

sec. 36, 

T. 151 H., R. 

52 W. 

(Oalcvilla TWp.) - glacial 



A 

0-5 

2.0 

4.4 

4.2 

0.9 

7.0 

26.5 

41.7 

31.0 

0 

CL 

A 

5-11 

3,2 

5.3 

4.4 

6.3 

7.7 

20.9 

36.2 

34.9 

0 

CL 

D 

10-30 

3,2 

3.2 

2.6 

6.8 

5.2 

31.0 

49.0 

30.0 

6 

CL 

D 

30-54 

3.9 

4.1 

3.2 

7.7 

5.5 

24.4 

52,9 

22.7 

6 

CL 


y V »• very# o " coarse# m “ medlun, f •• fine. 
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Table 15* — Soil water retention, bulk densities, and hydraulic conductivities of some soils 


Depth 


Horizon 


Texture 


Water retained 
at 

atmospheres tension Bulk 

0,3 Atm. 0.6 Atm* 15 Atm , density 


Hydraulic conductivity 


Cores 


Mixed 

soils 


Auger 

hole 


Piezometer 

method 


Inahea 


0-8 

8-16 

32-43 

54-72 


0-5 

12-19 

19-27 

24-36 

36-72 

56-72 

102-112 

112-120 


0-8 

8-20 

20-31 

30-42 

42-66 

48 

72-89 


Percent by volume 


g/cm^ 


-Inches per hour- — 


A 

A 

C 

c 

Profile 8, 
A 

c 

c 

c 

c 

c 

c 

c 


Profile 5, NW^ sec. 
Sil>L 42 

SiL-L 30 

SiL-SiCL 22 

SiL-SiCL 32 


T. 152 N. , R. 
33 20 

23 14 

13 6 

20 9 


51 W. (Rye Twp.) - lacustrine 
2.20 
2.30 
.50 
,30 


2.10 


0.20 


(ridge site), NE^NW»f sec. 8, T. 151 N. , R. 51 W. (Brenna Twp.) - lacustrine 

/ll 11 on 


SiL 
SiL 
SiCL 
SiCL 

SiCli-SiC 


41 

20 

37 


31 

14 

26 


20 

8 

19 


1,80 

.20 

,04 



46 

40 

22 

SiCI^SiC 

Sic 

9, NWV sec. 

33, T, 

151 N. , 

R. 51 W 

SiCL 

41 

33 

19 

SiCL 

30 

24 

15 

SiCL 

32 

26 

18 

SiCL 

SiCL 

39 

33 

19 

CL (till) 

28 

23 

18 


O.OB 

.01 


(Brenna Twp.) - lacustrine-glacial 


1.29 

1.31 

1.32 
1.28 


0.03 


. 20 * 


.09* 


1.80 


.20 


.08 


0-5 

A 

L 

25 

0-12 

11-18 

C 

gL 

14 

12-24 

25-32 

C 

CL 

27 

54-72 

c 

CL 

22 


0-5 

5-11 

18-30 

36 

30-54 


0-10 

10-18 

18-31 

31-39 

39-63 


0-8 

8-20 

32-40 

40-48 

40-55 

55-72 


0-6 

6-13 

13-30 

54-78 


Profile 12, NW^ sec. 36, 


SiL 
A SiL 

D CL till 

D CL till 

Profile 13, neV sec. 
A 
A 
C 
C 

c 


A 

c 

c 

c 

c 

c 


41 

35 

26 

24 


19 

10 

21 

19 

T. 151 N., 
36 
29 
22 

21 


12 


6 

6 

R. 

25 

18 

14 

11 



5,20 

1.90 


1.61 

,20 

3.00 


1.33 


.50 


1.76 

.40* 

,25 

1.60 


52 W. (Oakville Twp.) - glacial 


1.06 


1.49 

1.63 


1.90 


.02 

. 01 * 


1.00 

.16 


.06 


9, T. 151 N., 



44 

40 


44 

37 


37 

28 


39 

28 


41 

31 

14, SWV sec. 

28, T. 

151 Ne, 

fSL 

15 

12 

fSL 

13 

11 

fSL 

24 

18 

LfS 

10 

6 

LfS 

10 

10 

CL till 

30 

27 


R. 52 W. 
26 
22 

15 

16 
16 


.12 

(Oakville Twp.) - lacustrine-glacial 
1,01 
1.21 

1«22 1,40 

1.22 ,80 0.01 

1.21 .10 


52 W. (Oakville Twp.) - 
7 
6 

9 1.45 0,30 

4 1.46 2.00 

5 0.08 

14 1,60 


washed glacial 
1.80 
.10 
.04 


Profile IS, NE>» sec. 21, 
A SiL 46 

A SiCL 40 

C SiCL 32 

C C 41 


T. 154 N., R. 
28 24 

31 19 

25 12 

36 22 


52 w. (Levant Twp.) - lacustrine 


Profile 16, 
0-7 A 

13-16 A 

16-29 C 

29-40 C 

66-84 C 


0.35 

.04 

.04 


(depression site), NEVNW»i sec, 
SiL 35 28 

SiCL 32 26 

SlI* 27 22 

Sih 28 21 

C 45 38 


8, T, 
18 
17 
13 
11 
20 


151 N., R. 51 w, (Brenna Twp.) - lacustrine 


Horizontal soil core 


0.70 
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Table 16 . Specif Ic yields and bulk densities of several lacustrine soils 

in the saline areal/ 


Depth 

llBtimated 

texture 

Bulk Specific 

densitvV yioldV 


Depth 

Estimated 

texture 

Bulk 

densit'v2/ 

Specific 

*1 a 1 2 / 

Inohea 

Profile 

16, site 

PeToeut Inches g/om^ Veveent 

1/ aec, 8, T* 151 N., R, 51 W. (Brenna Twp.) (nonsaline 

54-57 

SiCIi 

1.25 

depression ) 

6.5 78-81 

SiCL 

1.24 

2.4 

57-60 

SiCL 

1.25 

5,1 


81-84 

SiCL 

1,20 

2,6 

60-63 

SiCL 

1.26 

. 4,7 


84-87 

SiCL 

1.21 

2.6 

63-66 

SiCL 

1.26 

3,9 


87-90 

SiCL 

1,23 

2.7 

66-69 

SiCL 

1.27 

2.9 


90-93 

SiCL 

1,25 

2.2 

69-72 

SiCL 

1.26 

3,4 


93-96 

Sic 

1,20 

1,6 

72-75 

SiCL 

1.24 

3,3 


96-99 

Sic 

1.20 

1,4 

75-78 

SiCL 

1.25 

2,4 


99-102 

Sic 

1.24 

1.8 

Site 2 

sec* 

11, T. 

152 N., R. 

51 

W. (Rye Twp.) (Glyndon SiL 

or SiCL- 

3-6 

SiL 

1.04 

saline) 

6,6 

54-57 

SiCL 

1,25 

3.1 

6-9 

SiL 

1.00 

14.0 


57-60 

SiCL 

1,28 

2.9 

9-12 

SiL 

1.02 

13.7 


60-63 

SiCL 

1.13 

2.8 

12-15 

SiL 

1.17 

10,9 


63-66 

SiCL 

1.29 

2,0 

15-18 

SiL 

1.34 

7.0 


66-69 

Sic 

1.22 

2,0 

18-21 

SiL 

1.39 

6.9 


69-72 

Sic 

1,26 

2.7 

21-24 

SiL 

1.36 

6.4 


72-75 

Sic 

1.23 

3.9 

24-27 

SiL 

1.29 

7.2 


75-78 

Sic 

1.26 

2.3 

27-30 

SiL 

1.25 

7,1 


78-81 

Sic 

1.29 

1.9 

30-33 

Si 

1.27 

6.9 


81-04 

Sic 

1.22 

1.8 

33-36 

Si 

1.32 

5,1 


84-87 

Sic 

1.20 

1.4 

36-39 

Si 

1.32 

4.7 


87-90 

Sic 

1.26 

2,6 

39-42 

Si 

1.38 

3.5 


90-93 

Sic 

1,07 

5,5 

42-45 

Si 

1.29 

5.4 


93-96 

Sic 

1.14 

2,0 

45-48 

SiCL 

1.27 

3.4 


96-99 

Sic 

1.16 

2.0 

48-51 

SiCL 

1.28 

4.2 


99-102 

Sic 

1,23 

1,4 

51-54 

SiCL 

1.23 

4.0 


102-105 

Sic 

1.15 

1.1 

Profile 

13 f site 

3, NEV 

sec. 9, T. 151 

N. , R. 

52 W, (Oakville Twp.) (glacial 

3-6 

SiCL 

0.97 

till at 
15,1 

63 

inches) 

39-42 

SiL 

1,27 

2.6 

6-9 

SiCL 

1.06 

11.7 


42-45 

SiL 

1,23 

1.8 

9-12 

SiCL 

1.06 

9.7 


45-48 

SiL 

1.22 

1.7 

12-15 

SiCL 

1.23 

5.0 


48-51 

SiL 

- 

1.5 

15-18 

SiCL 

1.25 

5,0 


51-54 

SiL 

1.24 

1,5 

18-21 

SiL 

1.29 

4.7 


54-57 

SiL 

1.21 

1.2 

21-24 

SiL 

1.27 

5.4 


57-60 

SiL 

1.19 

1.6 

24-27 

SiL 

1.22 

5.6 


60-63 

CoS 

1.56 

10.4 

27-30 

SiL 

1.27 

3,8 


63-66 

CoS 

1.71 

7.3 

30-33 

SiL 

1.28 

3.9 


66-69 

CL 

1.84 

1.2 

33-36 

SiL 

1.27 

3.1 


69-72 

CL 

1.83 

3,2 

36-39 

SiL 

1.22 

3.0 


72-75 

CL 

1.81 

1.6 


y soil corea (Uhland) saturated at least 48 hours and drained with 70 era 
water tension for 36 hours ♦ 


y Average of three cores per depth increment. 

y No profile number given; for detailed chemical properties see reference 8 
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Table IT.-Domastio well deptha, preasuroB (feet of water above <+> surface], flows, 

sailnitv from 44 Wells in or near the hydrologic study area 


Location 


Prea- 

Elect. 
Plow 1957 

Cond. 

1959 

*** 


Feet 

Feet 

Gal/ 

Unkao/m 





min 



SWo 36, 152 M. 

52 W. 

90 

13.0 

2 


8.2 

SE. 35, 152 N. 

52 W. 

190 

5.8 

3 


6.8 

5E. 35, 152 N. 

52 W. 

165 



0.0 


NE. 12, 152 N. 

, 52 W. 

150 




7.3 

SW. 1, 152 N., 

52 W. 

40 


3 

8.5 

9.3 

NE. 11, 152 N. 

, 52 W. 


-4.0 



6.1 

NW. 13, 152 N. 

, 52 W. 

100 

-12.0 

>1 

6.6 

6.1 

SW. 3, 152 N., 

52 W. 

40 

-4.0 



10.4 

NE. 9, 152 N., 

52 W. 

>60 

-6.0 



6.8 

NE. 7, 152 N., 

52 W. 

186 


<1 


14.4 

S. 6, 152 N., 

52 W. 

64 


3 

6.6 

5.7 

NW. 19, 152 N. 

, 52 W. 

70 



6.5 

7.1 

NW. 20, 152 N. 

, 52 W. 

07 

> .0 

<1 

12.0 

10.0 

SE. 18, 132 N. 

, 52 W. 

70 

> .0 

>1 


5.0 

NW. 15, 152 N, 

, 52 W. 

52 




8,5 

NE. 15, 152 N. 

, 52 W. 

160 



16.4 

13.2 

SW. 24, 152 N. 

, 52 W. 

260 

-4.0 


0.6 

7,7 

NE. 24, 152 N, 

, 52 W. 


4.B 



5.9 

NW. 20, 152 N. 

, 52 W. 





12. B 

SE. 33, 152 N. 

, 52 W. 

150 




11.5 

SW. 31, 152 N. 

, 52 W. 

06 



0.0 


NW. 30, 152 N. 

, 52 W. 

110 



6.5 


SE. 14, 151 N. 

, 52 W. 

70 




10,4 

N. 30, 151 N,, 

52 W. 

140 

-18.0 



10.2 

SW, 2, 151 N., 

52 W. 

105 

6.9 

2 


12.8 

NW. 2, 151 N., 

52 W, 

180 



16.0 


SE. 1, 151 K., 

52 W, 

250 

16.1 



6,0 

NE. 12, 151 N. 

, 52 W, 

65 

5.8 



7,2 

MB. 26, 151 N. 

, 52 W, 



15 


6.4 

SE. 23, 151 N, 

, 52 W. 

116 

11.6 

36 


9.8 

SB, 31, 152 N. 

, 51 W. 

149 

11,6 



6.7 

SW. 25, 152 N. 

. , 51 W. 


2,5 


7.0 

5,7 

NW, 12, 152 N, 

51 W, 

100 

1,5 

1 

7.5 

6.6 

SW. 12, 152 N, 

,, 51 W. 

220 

,8 


10.0 

8.5 

NW. 9, 152 N., 

, 51 W. 


.7 


7.0 

8,0 

SW. 4, 152 N.( 

, 51 W. 


.2 


8.4 

7,2 

NW. 6, 152 N.] 

, 51 W. 

140 

.0 


6.0 


NW. 19, 152 N. 

51 W. 

147 

4.6 


6.5 


NE. 11, 152 N. 

., 51 W. 




10.0 


NB. 10, 152 N, 

., 51 W. 

160 



0.3 


SW. 8, 152 N., 

, 51 W. 

100 



8.0 


NE. 8, 152 N., 

, 51 W. 

05 




e.o 

SB. 19, 152 N 

., 51 W. 

123 



5.8 


SW. 34, 152 N 

. . 51 W. 

mia 

2.9 

1 

6.3 




Ik> cation 
Seo.f T. , 

R.. 

Depth 

pres- 

sure 

Flow 

Elect. 

1957 

Cond. 

1959 





Feet 

tee 

t 

Gat/ 

min 

linhoi 

r/om 


W. 

10, 

152 N. , 

52 W. 

300 




15.6 



SW. 

24, 

152 N. 

, 52 W. 

19 




14.0 



SE. 

34, 

151 N. 

, 51 W. 

195 

26. 

5 

10 


6 . 

1 

SE. 

27, 

151 N. 

, 51 W. 

258 

24. 

2 



5, 

5 

ME. 

33, 

151 N. 

, 51 W. 

126 

5. 

2 



6. 

3 

SW. 

28, 

151 N. 

, 51 W. 

160 

20. 

7 

>10 


5, 

4 

SW. 

33, 

151 N. 

, 51 W. 


3. 

3 



6. 

6 

NW. 

32, 

151 N. 

, 51 W. 


19. 

6 



6. 

6 

SW. 

5, 

151 N., 

51 W, 

125 

20. 

7 


6.5 

5. 

6 

WE. 

2, 

151 N. r 

51 W. 





6.5 


8 

N. 

6. 150 N., 

52 W. 

90 





4. 

SW. 

9, 

152 N., 

50 W, 

150 


5 

<1 


7. 

6 

NE. 

26, 

152 N. 

, 50 W. 

99 

-3. 

0 


0.2 

6 • 

b 

SW. 

35, 

153 N. 

, 51 W. 







SE, 

35, 

. 153 N. 

, 51 W. 





8.0 

11. 


N. 

11, 

151 N., 

52 W. 






0 

NW. 

1, 

151 N., 

52 W. 






6 . 

.8 

NW, 

12. 

151 N. 

, 52 We 

69 

3. 

.5 


11.2 

8. 

,5 

NW. 

32 1 

151 N. 

, 52 W. 

120 

-15. 

.0 



3. 

,4 

NW, 

33i 

151 N. 

, 52 W. 

267 

-15. 

,0 



10. 

. 5 

NW. 

, 28. 

151 N, 

,, 52 W. 

240 

-20, 

.0 



11. 

,0 

NW. 

, 27j 

151 N. 

., 52 W. 

210 

5. 

.8 



11. 

>4 

SW. 

, 31, 

152 N. 

, 51 W. 

165 

9. 

.8 

3 


6, 

>4 

SW, 

31, 

152 N, 

, 51 W. 

165 

6. 

.9 

3 


6. 

.4 

SW. 

31, 

152 N. 

, 51 W. 

195 




7,8 



SE. 

, 10, 

152 H. 

,, 51 W. 

100 



<1 

7.3 

6. 

.4 

NE. 

Qt 

1S2 N., 

, 51 W, 

85 



>1 


8. 

.0 

SW. 

. 5, 

152 N., 

. 51 W. 

100 

2. 

.8 

3 


7 

.3 

SW. 

. 5, 

152 N. , 

, 51 W. 

120 

3 

,5 

>1 

8.3 

7. 

.4 

SW. 

> 32, 

, 152 N. 

. , 51 W. 

113 




6.3 



NW. 

. 34 

, 152 N, 

51 W. 

130 




6. 4 



SW. 

. 21 

, 152 N, 

. , 51 W. 

220 




10,8 



SE. 

. 4, 

152 N.; 

, 51 W. 





6.7 



SB. 

. 30 

, 152 N, 

51 W. 

120 




6.0 






uses Wells 

(In 1967) 




SW 

, 32 

, 153 N 

52 W. 

116 

12 

.6 



8 

.0 

8E 

. IB 

, 153 N 

, , 52 W, 

126 

10 

.7 



7 

.4 




Av 

. 


8.6 

7 

,9 


Table 10. -’-Artesian pressurs losses in the soil profile as measured by 
piezometer batteries 


Location 

Sec.. T.. R. 

Date 

Depth increment increment Gradient 
below head of lose 

ground surface loss (upward) _ 

Surface 

saline 

conditions 




Feet 

Feet 

Feet/ foot 


SW. 30, 152 N. 

, 50 W., 






(Ridge) 


1958 

58 to 27 

7.43 

0.24 

Moderate 

SW. 30, 152 N. 

, 50 W. , 






(Ridge) 


1950 

27 to 17 

.22 

.02 

Moderate 

SW, 30, 152 H. 

, 50 W. , 






(Depression) 


1950 

27 to 17 

,67 

.07 

Slight 

SW. 16, 152 N. 

, 50 W. 

1958 

50 to 38 

2.57 

,13 

Nonsaline 

SW. 16, 152 N, 

, 50 W. 

1958 

3B to 18 

1.30 

.06 

Nonsaline 

SW. 14, 152 N. 

, 51 W. 

1958 

56 to 38 

2.80 

.14 

High 

SW. 14, 152 N. 

, 51 W, 

1958 

38 to 18 

4.72 

.24 

High 

NW. 9, 152 N. 

51 W. 

1950 

58 to 38 

1.04 

.05 

High 

NW. 9, 152 N., 

51 We 

1956 

38 to 18 

5.85 

.29 

High 

NW, 19, 152 N, 

, 51 W. 

1956 

58 to 38 

5.00 

.25 

Moderate 

NW. 19, 152 N, 

, 51 W. 

1958 

38 to 18 

.95 

,05 

Moderate 

He 8, 151 N.i 

51 W. 

1959 

60 to 40 

D.33 

.42 

Moderate 

N. 8, 151 N., 

51 W. 

1959 

40 to 30 

1.08 

.11 

Moderate 

N. B, 151 N.r 

51 W. 

1959 

30 to 20 

1.33 

.13 

Moderate 

NW. 21, 152 N. 

,, 52 W. 

1966 

50 to 30 

1.35 

.07 

Moderate 

kTT.T 'Vi 1 en v» 

C*! t.t 

irtff.: 

30 to 20 

1,10 

.11 

Moderate 




60 to 20 

3.01 

.08 

High 




37 to 20 

2.98 

,18 

High 




50 to 30 

1.04 

,05 

Low 




:o 30 

3.30 

,16 

Low 




ZQ 30 

2.80 

.14 

Low 




30 

3.50 

.18 

Moderate 




:o 30 


.08 

Nonsaline 


bo 26e7 2e7B 0.14 


50 


Tnblo 19 . — Tho clicmlcirtl winixiiiltliiii of wntovu from jiorao flowing nnd nnnf lowing attoflian wo Ho and one nonartosian 

wnll ill or near ualiiio aroA» 


lAXjfttion 
.Sou.# T. , H. 

nojiih 

TyjHi 

lUoot.. 

ooinl. 

11 

Cn 

Cniitmu 

Hy Hn 

K 

Uni/ SAO 

HCO 3 

Anions 

SO 4 

Cl 



rodt 

mnon/on 

iVrif 

*■ " 


— 

„ - 

rni*<jond: 



Neq/t - 


34, N. 

51 W. 

103?/ 

Fldwinrj 















a r in u inn 

0.4 

2.0 

14 

5 

50 

1.2 

72 

16 

4 

32 

33 

30, 152 

52 VJ. 

11 » 

I'lowinu 















nrtiinlnn 

0,7 

3.2 

12 

0 

53 

1.4 

71 

16 

4 

32 

37 

23, 151 M. 

52 W. 

00 

1 -' lowing 















artofiinn 

12.4 

3.6 

22 

115 

05 

2.0 

30 

11 

3 

36 

86 

17, 153 H. 

51 M. 

175 

riowlny 















nr toil Inn 

17,3 

3.n 

20 

19 

143 

1.9 

75 

29 

5 

37 

146 

31, 152 H, 

51 W. 

105 

Fliiwlng 















nr tn II inn 

6,5 

3,0 

12 

7 

49 

1.2 

70 

16 

4 

32 

34 

33, 153 N, 

51 W. 

120 

Plowing 















nr inn Inn 

7.0 

2.9 

13 

V 

60 

1.1 

73 

19 

4 

30 

47 

27, 153 il. 

51 W. 

7 

Plowing 















nr ten inn 

n,4 

2.0 

10 

0 

65 

0.9 

71 

18 

4 

29 

56 

33, 152 H, 

51 w. 

240 

Plowing 















nt ion Inn 

10.0 

3.0 

19 

13 

03 

1.6 

71 

21 

4 

30 

80 

!), 152 H,, 

51 W. 

7 

Arte II inn 

( 1.0 

3,0 

13 

7 

64 


75 



30 

51 

10, 152 H. 

51 W. 

too 

Artenlnn 

6 ,‘) 

3.2 

13 

0 

53 

1.3 

71 

17 

4 

33 

30 

25, 152 U. 

51 W. 

HO 

Plowing 















nrieninn 

6,0 

2.0 

13 

0 

53 

1,1 

73 

17 

4 

32 

37 

32, 152 H. 

, 51 W. 

7 

Plowing 















nt ton inn 

72,5 

12,1 

01 

52 

724 

9,0 

83 

09 

3 

63 

D19 

7. 150 N. , 

54 W,.V 

41) 

Hoimrt.ofj^n 

.11 




,Jli4 

0.2 

.1 

2 

.1 

6 

3 

0 


y liolublo KOtUiim poroont (JiJJI') ** Ha/ total oatluoii 
2 / Dnta from Kelly P7) 


Toblo 20,— Chomlcfll nC WAUni’n t'l'om plozomotorn At novornl locatlona and optho in tbo salino area 


Location 

HoG.^ T* , H, 

Dnpth 

Fjitlmurfnco 

matnrlolM 

Hluct* 

cnnd, 

h 

Na 

CftHHn X 

CO 1 

Ka 

SAR 


i'Uwt 


Munt/oii 

rM 

- - 

1 

1 

t 

> 

. 

1 

I 

1 

“ ** 

Povamif 


9, 152 N, , n, 51 W. 

lU 

l>in?untrlnti 

30.0 


257 

213 

0 

55 

25 

9, 152 N, , R. 51 W. 

30 

Lnouetrlort 

11.5 


09 

71 

T 

49 

20 

9, 152 N., R. 51 W. 

5h 

l,A(niuti'inti 

9.5 


75 

42 

0 

63 

16 

19, 152 N., U. 51 W. 

Ih 

Lnuustrlnu 

3,0 


19 

13 

0 

59 

B 

19, 152 N., R. 51 W. 

30 

Till 

4.2 


34 

13 

0 

72 

13 

19, 152 N., R. 51 W. 

50 

Oand 

(>.5 


01 

14 

0 

01 

23 

14, 152 N., R. 51 W. 

10 

LAOiiotrlno 

34.0 


265 

195 

0 

58 

27 

14, 152 N,, R. 51 W. 

30 

Laaufitrliui 

14,0 


04 

96 

0 

47 

12 

14, 152 Nt, R. 51 W. 

50 

l,A(nuiti‘ii)o 

0,5 


45 

55 

T 

45 

8 

3b, 152 N., R. 51 W. 

50 

Lncimtrino 

11.2 

0.21 

45 

96 0.6 


32 

6 

36, ISl N,, ru 52 W. 

fi5 

Till 

5,5 


45 

19 

T 

70 

14 

G, 151 N.i R. 51 W. 

50 

Till 

13.0 


IIB 

42 

0 

74 

26 

0, 151 N., R. 51 W, 

Fill 

'rui 

10.0 

.1. 63 

00 

55 0.6 


54 

0 


Table 21,— Chomicnl compoHltlon ol! nhallw cjrtiund watorti In shallow {12-foot doop) obeorvatlon wello in tho area, 
Wo 11 a aro nonnoiatod with onoolflo «oll prof 11 tm utiidlod {ooe tables 14 and 15) 


Soil 

profile 

IXJGAtlOh 

1 Sqo., T., R. 

liuJirttirfAco 

mattirialH 

cond. 

1 ) 




Mioo/m 

('/»! 


16, 152 H., 

R, 50 W, 

liAcon trine 

4.3 

0.02 

5 

9, 152 N., 

R. 51 W. 

Lnuiiti trine 

no. 3 

.11 

12 

36, 151 N., 

R. 52 W. 

aiAciAi tin 

10,5 

2.10 

9 

33, 151 N., 

R. 51 W. 

i.AiaHitrlnt)'* 






Till 

13.0 

,40 


35, 152 N., 

R. 51 W. 

LAOUfi trine 

43.7 

.10 

— 

23, 151 N., 

R. 52 W. 

GIaoIaI tlU 

20.0 

,44 

6 

30, 152 N., 

R. 50 W. 

Latnui trine 






(Rldgo) 

45.4 

.01 


30, 152 N., 

1 R. 50 W. 

Laoimtrlnn 






(Oopronaion) 

1.2 

.04 

— 

26, 153 N., 

, R. 53. W, 

Lnouii trine 

0.5 

.11 

a 

8, 151 N., 

61 W. 

Laoua trine 






(Rldgo) 

29.9 

.13 

13 

9, 151 N., 

52 W. 

Laouii trine - 






Till 

10. 0 

2.30 

10 

0, 150 N., 

51 W. 

LAoutt trine 

7.7 

.40 

14 

28, 151 N. 

, 52 W. 

Till (Sandy) 

3.1 

.20 


^ Ca plus Hg, 


Cat'.lontt 


(ir* 


Na 

K 

Na 

SAR 

CO3 

HC03 

5O4 

Cl 


*• - Maq/l - 


P&roent 


- - 

- Meq/t 

- - 

- - 

24 

34 

6 


9 

1 

0 

6 

E7 

3 

IB2 

353 

221 

<1 

29 

14 

0 

3 

3B 

722 

21 

19 

75 

<1 

65 

17 

0 

7 

41 

69 

24 

116 

5Q 

<l 

29 

7 

0 

G 

123 

71 

71 

228 

253 

nd 

46 

21 

0 

5 

61 

472 

U2I/ 

140 

0.7 

53 

18 

- 

” 



32 

319 

293 

nd 

45 

22 

T 

3 

214 

432 

0 

4 

2 

nd 

12 

1 

T 

3 

6 

2 

27 

90 

10 


12 

2 

0 

7 

98 

31 

20 

300 

144 


30 

II 

0 

7 

275 

202 

36 

34 

114 

<l 

62 

19 

0 

4 

37 

146 

24 

75 

17 

<1 

14 

2 

0 

7 

87 

25 

23 

10 

3 

<l 

B 

1 

0 

6 

32 

5 


B1 



Table 22. -Chemical composition of waters from shallow, 15-foot deep, observation holes in the saline 

area 


Location 

Sec,. T., R. 

Soil 

materials 

Elect. 

cond. 

B 

Ca+Mg 

Na 

14, 152 N,, 51 W. 

Lacustrine 

Mnhoe/om 

36.6 

P/m 

T 

336 

- Meq/l 

164 

28, 152 N., 51 W. 

Lacustrine 

6.6 

0.07 

63 

15 

16, 151 N., 52 W. 

Glacial till 

3.5 

.17 

32 

6 

B, 151 N., 52 W. 

Glacial till 

5.6 

1.23 

32 

32 

24, 151 N., 52 W. 

Glacial till 

20.0 

.40 

186 

76 

35, 152 N., 51 W. 

Lacustrine 

36.0 

.18 

300 

200 

9, 151 N., 52 W. 

Glacial till 

32.0 

1.68 

216 

224 

23, 151 N., 52 W. 

Glacial till 

20.0 

.44 

122 

140 

3, 152 N., 53 W, 

Lacustrine'-Till 

11.6 


60 

80 

36, 153 N., S3 W. 

Lacustrine-Till 

20.8 


154 

96 

19, 153 N., 52 W. 

Lacustrine 

28.0 


260 

120 

18, 153 N., 52 W. 

Lacustrine 

24.0 


135 

185 

4, 153 N. , 52 W. 

Lacustrine 

30.8 


330 

90 

3, 153 N,, 52 W. 

Lacustrine 

20.8 


174 

96 

25, 154 W,, 52 W. 

Lacustrine 

10.0 


90 

30 

25, 154 W., 52 M, 

Lacustrine 

36.8 


375 

265 

125 

105 

17, 154 W, , 51 W. 

Lacustrine 

28.4 



JK Na SAR 


“ 

Percent 


).4 

33 

13 

.2 

19 

3 

.3 

16 

2 

.4 

50 

8 

.7 

25 

6 

.8 

40 

16 

.7 

51 

22 

.7 

59 

18 


57 

15 


36 

15 


32 

10 


58 

22 


21 

7 


36 

10 


25 

5 


25 

9 


27 

9 


Table 23, 


electrical conductivity) , sodium content and water table depths 
in the saline area of Grand Forks County on two dates in 1962, and spring and fall ground water 
salinity in 1958 


Spring sampling t March 1962 




Water 



No. 

Sample 

Number 

table 

Elect. 


of Na 

source 

sampled 

depth 

cond. 

Na 

analyses 



Feet 

Hnhoe/cm 

Meq/l 


Shallow wells 1 






< 15 feet 

20- foot 

41 

9.7 

14.9 

66 

23 

piezometers 
40- foot 

42 

8.4 

6.2 

42 

15 

piezometers 
60- foot 

5 

8.2 

5.8 

37 

5 

piezometers 

5 

6.1 

4.3 

29 

4 


Summer sampling > July 1962 


Number 

sampled 

Water 

table 

depth 

Elect. 

cond. 

No, 
of Na 

Na analyses 


Feet 

l&nhoB/om 

Meq/l 


41 

4.6 

14.2 

72 

23 

42 

5,1 

a.i 

38 

15 

5 

5.9 

5.8 

42 

4 

5 

8,9 

4.6 

23 

4 


Shallow observation 
wells 57 


Spring aamplingt Mav^Jvme 19SB 
4.6 15,7 


Fall aamplinq> October 195B 
61 7.4 13.5 




Installations on ridges 


Observation wells 

Spring Fall spring 

h^hoB/an - - 


Piezometers 
Fall 


Installations in depressions 

Observation wells Piezometers 

Spring Fall Spring Fall 

UnhoB/om'^ - - - - ^ » 


20.0 

23.6 

17.8 

20.0 

14.4 

12.9 

9.8 

9.5 

28.0 

32.0 

10.0 

18.4 

20.0 

20.2 

11.6 

20.0 

16.6 

17.2 

9.5 

6.6 

16.4 

14.5 

22.2 

13.0 

13.8 

13.0 

24.5 

24.0 


Average 17.3 17,3 


16.5 

14.5 

6.2 

6.3 

15.0 

14.0 

8.3 

8.0 

22.0 

24.4 

13,0 

14.0 

9.2 

9.0 

16,5 

12.6 

10.8 

10.8 

7,2 

7.0 

9.5 

9.0 

9.8 

9.6 

9.5 

12.3 

9,5 

9.4 


11,7 11.5 


2.7 5.5 

1.9 2.5 

4.0 4.5 

0.6 2.0 

1»6 1.5 

0.6 1,7 

1.2 2.0 

0,9 1,8 

7.2 7,0 

5.2 6.5 

1.1 1.1 


3.1 

2.8 

2.6 

2.3 

7.0 

9.2 

1.4 

2.0 

1.6 

1.2 

1.4 

1.2 

6,9 

5.0 

7.8 

8.0 

2.6 

2.8 

5.0 

6.1 

3.8 

4.2 


hi hi Jb2 111 


52 
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Tflblo 20.— ilhttUow ijruiiiul Vrttor flftUnlty at throo depths undat Qiaag durlna 
2 yoaro at 0, T, 151 N,. R. 52 H. ^ 


(Irttti 


Wntor 

..tflhi.o. depth 


V Not tUtaiinlnoi}. 


Avoraqo olootrical conductivity 

ll-gt wellfl g-ft walla 7-gt vails"* 


Nov. iri< 1961 

2.0 

34.3 

nd^ 


tlon. :i, 1962 

4.2 

33.0 

34.0 

34.0 

Har. Ifi, 1963 

9.1 

35,7 

nd 


Apr. 3fi, 1963 

2.3 

41,7 

nd 

nd 

Kay 10, 1962 

l.n 

42,7 

44.0 

44.0 

.Uin. 311 r 1963 

2.0 

39,9 

44.0 

44.0 

H.ir, 1, 1961 

9.1 

33,7 

nd 

nd 

dill,, 29r,j96.1.„ 

4,4 

36.0 

36.5 

37.2 


TAblo ;i!7,“"*Oliomi(rrt3. L*<>m|>onlt:l€m of! mu't’nco nUmamu In oftHt and contra! Grand Forks 



County 

and (uV|m;ont nriinn 

on 1:0 r 00 

daUon 

(fly. 6, 

till 

Kloat , 
(tond. 

i:!At;ionri 

on 

K 

CalHq 



iinhfoAvn 

"I'"./'! „■ 

- - aiaq/l‘ — ■ 


1 

0.1 

0.0 

Movi'inlior 13, 
II. 0 2.7 

1950 

nd 

5.3 

2 

0.2 

3.0 

29 . 5 

20,0 

nd 

9.4 

6 

oa 

H.ii 

1()!1 

01.1 

nd 

23,0 

7 

0,5 

.7 

7,0 

3.0 

nd 

3,2 

0 

7,4 

.7 

7.2 

4,5 

nd 

2,6 

10 

7,0 

7,9 

94 

71,7 

nd 

22.3 

11 

7.0 

1,0 

9,9 

6,2 

nd 

3.7 

12 

7.0 

,0 

6,5 

3,0 

nd 

2,6 

1 

0.0 

0,0 

dunn 4, 1959 

0,2 1.0 nd 

72 

?. 

7,7 

20.0 

275 

105 

nd 

90 

3 

0,0 

0.5 

00 

50 

nd 

35 

4 

7,0 

1,0 

10 

7,4 

nd 

10.6 

5 

7,0 

0.3 

100 

60 

nd 

34 

C 

0.1 

3,5 

39 

19 

nd 

20 

7 

0,3 

.0 

0,0 

1.0 

nd 

5.0 

0 

0.0 

.0 

5.0 

.0 

nd 

4,0 

9 

7,7 

14,4 

lOU 

100 

nd 

00 

10 

7.0 

7.0 

02 

46 

nd 

36 

11 

0,0 

.0 

7.5 

1.0 

nd 

6.5 

12 

7,0 

,0 

6.0 

,0 

nd 

5.0 

1 

7,4 

0,7 

Ootobon* 27 1 

7 0.7 

l‘JS9 

0.2 

6 

2 

7,0 

12,0 

150 

120 

2.0 

30 

3 

7.9 

9,5 

116 

69 

1,3 

47 

4 

7,9 

4.5 

50 

30 

,5 

20 

9 

0,0 

12.0 

160 

94 

2.0 

66 

6 

0,0 

12.0 

150 

72 

1.6 

70 

7 

0.4 

.0 

6,5 

,0 

,1 

0 

9 

0.1 

13.2 

165 

90 

1.9 

67 

10 

0,0 

12.4 

154 

60 

1.5 

06 

11 

7.0 

.4 

4.5 

1.2 

a 

3 

12 

7.0 

,0 

5.5 

,6 

,1 

5 

i/ Not 

; daUtirmitidd. 






Tabu S0,«*-«A toaipariann uf Actual aoil *#AiAr MOiUnra, avaiau MftU 
conductivity and unAvailAbU aoII VAter OAk.Auao of naliiiiry in a fcAUn« rtdu 
and adjacent rvlAilvoly MtrniiAUhv tUprAhal'tn ai *>’. 1*^1 H> i M, M w. Area 
cioj-iad to harUy 


H 

"Wir 


NO 


SAR 


Povaont 


ndV 

nd 

nd 

nd 

nd 

nd 

nd 

nd 


nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 


0»14 

nd 

nd 

nd 

3.60 
nd 
nd 

3.60 

2.60 

nd 

nd 


34 

60 

77 

55 

63 

76 

63 

59 


13 
67 
59 
41 
66 
47 
17 

14 
56 
56 
13 
13 


10 

00 

59 

60 
59 
40 
12 
59 
44 
27 
11 


2 

9 

24 

3 

4 

22 

5 
3 


1 

20 

12 

3 

16 

6 

1 

1 

16 

10 

1 

1 


1 

31 

12 

9 

16 

12 

1 

17 

10 

1 

1 


Vl'" iU Vf^ l 'rf^ ^ 

Jyo nyi a „ . .. 

Avatafla Xvaravi ‘ 'AvurayA AvtVa'ja Av'ara'U AvarA'ja 

Soil watar oUotrioal ttnavallAbU vatt>t AlaiUKal unavallabU 

i;' UV.. . mx Ar . Vi? JHI. 

inchis Ni'ctnt ftw.iA/w JViv«»it wt 


T.bl. M.-A CC*,«rlH0>, ol .ou «.<;« .t«.* hya«»Uo 

IiOAtl) un4«)f And £a11cm At SWf* 34f T. 152 N. r ■ 


' fl^ll dopth ^ InphoA^ 


Trt »AtA>»nt,_ 


iL. 


^ /lnUUbarB^ - - • - " 


<rl8 15.8?/ 
30-O 21.1 

■54-86 


I < 2 

< 2 , * 5 


21.0 

30.1 


0 

15 

ax. 


Xi 

75 




Y^^nw 


306 
> 000 


270 
> BOO 


160 
> 000 


162 

444 


151 

420 


411 


y Parcant of toll water batwoon 0. J an«J 14 at|w^»pher«o tanaltm wttaveUabla ddO 
to soil aallnlty. 

y Percent by wel^fht a 1. J *♦ |i«r<;ant by volw«t. 
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Table 30.-Surfaoa (0 to 6 inches) aoil salinity, i/ water-table depths, and precipitation on native grass sites 


Location: 


NW 35 
Rye 


SW 14 
Rye 


NW 21 
Blooming 


EC 


Water 

table 


EC 


Water 

table 


EC 


IdnhoB Ft mhoB Ft ^^hoB 


Water 

table 

Ft 


SE 15 
Oakville 

Water 


NM 11 
Dlooininq 

Water 


SE 3 
Brenna 


EC table 
MtOS 


Apr, 10, 
May 13 
Jun. 9 
Jul. 

Aug, 

Sep. 

Oct, 


1958 


11 

7 

10 

15 


5.6 

9.6 
6.0 
5,0 

11.0 

13,2 

15.6 


4.2 

2.0 

1.4 

2.3 

2.5 

4.3 

5.4 


8,6 

18.8 

22.4 
19.2 

16.4 

26.4 

38.4 


2.5 
4.7 
4,1 
0,1 

4.5 

6.5 
7.0 


8.0 

11.6 

9,6 

12,4 

10,8 


5.9 

2.9 

1.9 
1.8 
5.2 
6,6 
7.4 
7.4 


7.2 

8.2 
6.0 

11-6 

13.4 

15.0 


Ft 

4.7 
2.3 

2.7 

1.7 

4.6 

6.7 

7.8 

8.0 


EC 

MnJwe 


table 

Ft 


m 7 

Falconer 

Water 

EC table 

^hoB Ft linhoB Ft 


Precipi*- 
tation 

Water between 
EC table perioda 


5. 3 

4.7 

5.2 

7.2 

8.7 
11.0 
10,8 


6.4 

4.4 

3.2 

2.6 

5.2 

6.9 
7,6 

7.9 


3.7 


5,6 

4.4 


7.4 
3,7 
3,3 
2.1 
5,6 
7.9 
0 . 6 
a, 8 


3.3 

3.6 

1,0 

1.6 
2.5 
2.2 
2,7 


7.7 

5.4 

4.9 

3.9 
6.1 
7.6 
8.3 

8.5 


Inch 

0,66 

2,44 

5.30 

1,08 

1,61 

1,33 

0,40 



10.3 

3.6 

23.3 

4.6 

10.6 

5.7 

10.2 

4.9 

7.6 

5,7 

4.e 

4.3 

2.4 

6.7 


Total crecioit 

atlon from November .12 

1958 

to April 6, 

1959 1 








4.52 



0.7 

3.3 

2.0 

10,2 

4.0 

- 

1,7 

11.6 

4.5 

6.0 

4.6 

2.2 

5,0 

1,05 


13.2 

1.4 

8.8 

3.0 

10.6 

4.7 

6.4 

2.3 

12.0 

4. 6 

8.0 

2.8 

1. 3 

4,9 

3.57 


4, 5 

2.4 

9,8 

4.6 

8.8 

4.3 

9,2 

2.9 

11.8 


10,0 

4.4 

2.0 

4,6 

3. 32 

Jul- 15 

17.6 

2.2 

11.0 

3.1 

9.4 

4.2 

10.0 

3.9 

9.0 

4.7 

6.7 

3.8 

3.1 

6.1 

2.03 

Aug- 17 

12.9 

6.1 

12.8 

5.4 

8.2 

6.5 

14.6 

6.6 

14.0 

6.2 

9.4 

7.2 

3.6 

7. 4 

1.04 

Sep, 15 

Oct, 13 

13,5 

7,4 

18.8 

6,5 

10.6 

7.3 

12.0 

7.7 

12.2 

7.0 

6.9 

8.0 

4.8 

8.1 

2.70 

12.0 

4-1 

11.0 

3.0 

6.7 

5.7 

7.6 

6.1 

5.8 

6.4 

6.8 

S.6 

2.5 

6.2 


Average 

12,3 

3-9 

10.8 

3.9 

9.2 

5.2 

10,0 

4.9 

10,9 

5.5 

7.7 

5.6 

2.6 

6.3 

C 1 


Total precrpii 
Hay 9, 1960 

:acxon x 

4.2 

rum uuu 

1,1 

5.9 

2.1 

5.1 

4.4 

2,2 

1.6 

4.9 

3.9 

3.7 

1,9 

3.0 

3,9 

2.66 

Jun, 20 

5.5 

2-3 

8.0 

4.1 

7,2 

4.0 

6.5 

3.1 

6.8 

5.0 

7.0 

3.7 

2.6 

5.0 

4,19 

Jul. 18 

6.0 

1.9 

5.4 

3.2 

9.0 

5,5 

8,4 

4.6 

6.1 

5.6 

8.7 

5.5 

2.6 

5.9 

2.01 

Aug . 15 

15.0 

4.5 

9.1 

5.8 

8,8 

7,0 

11.2 

6.2 

8.4 

6.7 

8.2 

7,8 

3.7 

7.4 

2,70 

efon O’? 

24,4 

6,1 

23.4 

6.7 

18.2 

7.4 

19.6 

6.6 

19.2 

7.7 

18.5 

8.8 

- 

B.X 


M Bjp » At 

Average 

11.0 

3.2 

10.4 

4.4 

9.7 

5.7 

9.6 

4.4 

9.1 

5.8 

9.2 

5.5 

3.0 

6.1 



V Electrical conductivity (EC) of aaturated aoil extracts in milllmhoa per centimeter. 


Table 31,— Surface <0 to 6 inches) aoil salinity, i/ water table depths, and precipitation on cropped land 


Location 1 

MW 

33 

SE 

29 

NB 

8 

NW 

19 

NB 

24 

ME 

34 

NW 

8 



Brenna 

G. 

P. 

Brenna 

Rye 

Brenna 

Blooming 

Falconer 



Fallow 


Sugar beets, 

Wheat 


FaUow(S.C.), 

Potatoes t 

N. grass, 

Wheat 




barley 

f 

barley, 

barley 

/ 

barley', 

wheat, 


barley, 

oats, 


Preclpi- 

Crop coven 

barley 


barley 

fallow 

barley 

barley 

flax 


potatoes 

tation 



Water 


Water 


Water 


Water 


Water 


Water 


Water 

between 

Date 

EC 

table 

Eo 

table 

BC 

table 

Hx: 

table 

EC 

table 

EC 

table 

EC 

table 

periods 



Ft 

l^nhoe 

Ft 


Ft 

^inhoB 

Ft 

^ihoa 

Ft 

Miob 

Ft 

^inhoB 

Ft 

Xnah 

Apr. 10, 1958 

- 




.. 

7.8 

3,5 

6.1 

3.5 

8.1 

1.3 

7.0 

1.0 

9.4 

0.66 

May 13 

- 

- 


5.9 

17.6 

4.8 

4.2 

5.2 


7.7 


3.9 

** 

9.3 

2.44 

Jun, 9 

- 

- 

. - 

5.7 

10.2 

4.7 

3,7 

4.3 

4.2 

7.1 

- 

4.8 

1.3 

5.9 

5.30 

JuL, 11 

.. 


5.2 

4.8 

7.3 

4.6 

3.1 

3.5 

1.5 

2.5 

1.4 

4.6 

2,3 

5.9 

1 

1.D8 

Aug, 7 

- 

- 

6.S 

7.5 

9.5 

6.8 

3.5 

4.8 

3.1 

5.3 

1,0 

6.7 

1.6 

7.6 

1.61 

Sep, 10 


- 

6.3 

8.9 

12.8 

8.2 

4.0 

5.7 

2.9 

7.1 

- 

Q.l 

2,1 

0.S 

1.33 

Oct, 15 

8.6 

5,3 

7.0 

9.6 

13.6 

9.0 

5.5 

6.4 

3,4 

8.0 

4.2 

B.8 

3.1 

9,2 

0.40 

Nov. 12 

8.4 

5.6 

6.2 

9.9 

17.6 

9,5 

6.0 

6.7 

3.2 

8.2 

3.0 

8.2 

3.1 

9.7 


Average 

8.5 

5.4 

6.3 

8.2 

12.7 


4.3 

5.6 

3.1 

6.6 

2.3 

7,1 

2.1 

0.0 


Total precipitation from Hovember X2 

, 1958 

to April 6, 1959 1 








4.52 

Apr. 6, 1959 

6.5 

5.2 

6.6 

7.2 

8.0 

1.7 

5.6 

6.1 

3,7 

3.1 

1.3 

5.2 

2,0 

10. 1 

1.05 

May 12 

10.0 

4.6 

8.0 

6.6 

8.9 

3.9 

5.8 

7.3 

5.1 

4.4 

3.B 

5,5 

3.B 

9.0 

3,57 

Jun. 16 

7,1 

3.4 

6.5 

5.9 

5.6 

4.8 

4.9 

6.7 

2.9 

4.0 

1.4 

5,8 

1.2 

7.6 

3.32 

Jul, 16 

5,6 

4.9 

6.7 

7,4 

9.0 

G.6 

6.0 

7.6 

3.8 

5.0 

2.8 

7.4 

1.6 

a.o 

2.03 

Aug. 18 

9,2 

5.8 

9.2 

8.1 

15.0 

7,9 

5.6 

7,9 

4.0 

7.3 

5.0 

9.4 

.6 

0.3 

1,04 

Sep, 16 

7,0 

6.4 

8.8 

8.5 

12.0 

8.9 

7,0 

8.5 

3.8 

8.0 

4,6 

10.7 

.9 

10.3 

2.70 

Oct. 12 

7,1 

6.3 

6.2 

8.9 

9,2 

9.6 

4.7 

8.6 

2.8 

7.6 

1.3 

11.4 

.5 

10.9 


Average 

7,5 

5.2 

7.4 

7.5 

9,7 

6.2 

5.7 

7.5 

3.7" 

5.7 

2.9 

7.9 

1*5 

9.2 


Total precipitation from October 12 j 

1959 

to May 9 

r 19601 









6.14 

Hay 9, 1960 


4.9 

6.0 

5.4 

- 

6T~ 

4.7 

6.2 

4.3 

- 

0.7 

3,6 

0.2 

6.8 

2.66 

Jun, 20 

- 

4.$ 

- 

6.3 


5.7 


7.0 

4.2 

5.9 

2.6 

5,7 

.2 

6.4 

4.19 

Jul. 18 

7.6 

6.0 

6.0 

7.4 

4.9 

6.0 

2.2 

7.4 

3.4 

6.4 

3,9 

6.7 

.4 

7,0 

2.01 

Aug. 15 

8.6 

6.6 

8.2 

8.4 

5.6 

6.7 

4.5 

Q.l 

3.4 

7.6 

5.6 

8.6 

1.4 

5.4 

2,70 

Sep. 27 

10.3 

€.8 

15.7 

9.1 

11.0 

6.8 

8.8 

8.7 

9.7 

0.7 

10.4 

10.5 

.9 

9*2 


Average 

8.1 

5.8 

9,0 

7.3 

7,2 

6.3 

5.1 

7.5 

5.0 

7,2 

4.6 

7.0 

,6 

7.2 



Electrical conductivity (EC) of saturated soil extracts In lamhos per centimeter. 
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